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I. . Introduction 


The Pinhole Occulter Facility (P/OF) is a Space Shuttle based 
experiment for the production of solar coronographics and hard x-ray 
images. The system is basically a pinhole camera utilizing a deploy- 
able 50-m flexible boom for separating the pinholes and coronograph 
shields from the recording devices located in the Shuttle bay. At 
the distal end of the boom from the Shuttle is a 25 kg mask contain- 
ing pinholes and coronograph shields. At the proximal end the detec- 
tors are located and mounted, along with the deployable boom, to the 
ASPS gimbal pointing system (AGS). 

the mask must be pointed at the sun with a high degree of pointing 
stability and accuracy to align the axes of the detectors with the pin- 
holes and shields. Failure to do so will result in a blurring of the 
images on the detectors and a loss of resolution. Being a Shuttle based 
experiment, the system will be subjected to the disturbances of the 
Shuttle. The worst of these is thruster firing for orbit correction; 
the Shuttle uses a bang-bang thruster control system to maintain orbit 
to within preset limits. Other disturbances include man motion, motion 
induced by other systems, and gravity gradient torques. 

The control system of the pointing mount can sense both position 
of the mask tip relative to the base and pointing error and uses these 
to accurately estimate the flexible body modes of the system and point 
the boom. An optimal control /suppression scheme is then used to control 
the flexible modes. Acceleration feedback is used to point the system. 
Disturbances are detected by accelerometers in the AGS and are used as 
negating commands to drive the system and reduce disturbance effects. 
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An overall layout of the P/OF system is shown in Figure 1. Motions 
of the boom are measured in the x, y, z coordinate system which is centered 
on the gimbal axes. The AGS is mounted 2.2 m forward and .75 m above the 
Shuttle cm. The vector y is the total pointing vector of the system; the 
difference between vector y and the vector command is the total pointing 
error of the system. The vector d is the pointing of the base of the boom 
(AGS mounting plate). The vector m is (assuming rigid boom-mask mounting) 
y - d. 

The simulation of this system will be by state space analysis. The 
boom maintains vibrational states called flexible modes as well as rigid 
rotational modes. The Shuttle is modeled by rigid rotational and rigid 
translational modes. The AGS is modeled by use of phase variables and ran- 
dom noise. The sensors are modeled as constant gains with random noise. 

The states used in this study are defined in Table 1. 
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FIGURE 1 


P/OF SYSTEM LAYOUT 
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TABLE 1 


SYSTEM STATE DEFINITION 


CONTROLLED STATES (8 total) 

These are the states which define the flexible body positions 
and velocities (modes) of the experiment. They are acted on 
(or controlled) by the inner loop controller -KX^. 

RIGID BODY STATES (6 total) 

These are the states which define the rigid body positions and 
velocities (modes) of the experiment. Physically they represent 
the angular displacements and velocities of the experiment. 

They are acted on by the PID controller. 

SUPPRESSED STATES (8 total) 

These states represent additional flexible body positions and 
velocities (modes) of the experiment. These states are not 
physically suppressed by the inner loop controller; the design 
of the inner loop controller is such that its effect on these 
states is minimized. 

SHUTTLE STATES (12 total) 

These are the states that define the shuttle orbiter. Physically 
they are the linear and angular positions and velocities of the 
Shuttle. 

AGS STATES (13 total) 

These states define the modal filters of AGS plus the proportional 
integral-derivative (PID) controller. 



II. Gimbal (AGS) System 

In the P/OF system, all instruments, boom and mask must be pointed 
at the sun. All motions of the Shuttle (linear and angular) are angular 
changes as seen by the instruments. This enables a three dimensional 
angular pointing mount system to be used. For reduced pointing errors 
the angular suspension pointing system (ASPS) can be used. The 
ASPS gimbal pointing system (AGS) was used in this study, 

II. 1 AGS Layout 

Figure 2 illustrates the layout of the major elements comprising 
AGS.^^^Two identical gimbal assemblies are stacked to form an elevation 
and a lateral gimbal pair. The lower (el evation) gimbal provides an 
angular range of ± 100 degrees (from vertical), and the upper (lateral) 
gimbal provides cross-axis positioning of ± 60 degrees . The gimbals are 
mechanically limited by an adjustable stop arrangement to prevent contact 
with the Shuttle. A Mounting and Jettison Assembly (MJA) is used to con- 
nect the gimbal pair with the underlying mounting structure. During 
launch and landing, a separation device within the MJA physically dis- 
connects the mounting base from the AGS gimbals which are independently 
caged with the experiment to the mounting structure. This approach pre- 
vents indeterminant load paths from occurring across the gimbal bearings 
due to static deflection of the mounting structure and launch or landing 
environmental loads. The MJA also contains a pyrotechnical ly actuated 
jettison system, which provides for total separation (and jettisoning) 
of the experiment/AGS gimbals in the event of a multiple failure in 

orbit. An accelerometer unit mounted on the MJA senses orbiter motion 

121 

for use in a feedforward decoupling control law. ^ 
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The gimbals are connected to the experiment through a Payload 
Mounting Structure (PMS) and an Experiment Mounting Structure. The 
PMS consists of a nominal 1 meter diameter mounting plate and an 
adapter section which connects with the lateral gimbal. An optional 
third gimbal to permit rotation about the payload line of sight (roll 
axis) can be inserted at this location. Since the payload mounting 
plate is removable, experiment integration can be accomplished inde- 
pendently of the pointing system. Also, the flat end-mount configura- 
tion of the mounting plate permits overhanging to accommodate the 

[ 2 ] 

large POP boom, coronographs and x-ray detectors. 

Each of the Coarse Gimbal Assemblies contains a permanent magnet, 
brushless two-phase dc torquer, a multispeed wound rotor resolver for 
commutation of the torquer drive signal and a single-speed wound rotor 
resolver for position readout and control of the gimbal angle . Since 
both elevation and lateral gimbals have a limited rotational freedom, 
electrical connections are carried across the rotating gimbals through 
flex capsules. The flex capsules contain flat flex tapes which are 
looped between concentric cylinders in the center of each gimbal. 

Duplex gimbal bearing pairs are used in each gimbal assembly in a 
fixed/floating cartridge arrangement. The cartridges permit the bear- 
ing preload to be set by tolerances within the cartridge itself;, dimen- 
sional changes which result from temperature variations cause the 
sliding cartridge to move axially without inducing mechanical stresses 
or upsetting the bearing preloads. 

The AGS inertial sensors will be mounted on the experiment mount- 
ing structure for coalignment with the experiment. These sensors include 
the DRIRU-II (on all missions) and one or more angular error sensors as 
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discussed in the Sensor Study Section (III). Control and data interfaces 
with the sensors are provided by a Payload Electronics Assembly (PEA) which 
is connected to the remainder of the AGS electronics through a multiplexed 
serial data system.’ The PEA is a general purpose microprocessor-control led 
interface unit which provides a Remote Interface Unit (RIU) compatible 
serial interface with the position sensors, and a special purpose inter- 
face with the DRIRU-II. Experiment control and data is handled by a stan- 
dard Remote Acquisition Unit (RAU) which connects to the Spacelab Command 
and Data Measurement System (CDMS). Additional lines are also provided to 

the experiment for high speed data, control and power. Both the PEA and 

121 

RAU are located on the payload side of the AGS gimbals. 

Primary AGS electronics consist of a Gimbal Electronics Assembly 
(GEA), Digital Electronics Assembly (DEA) and NASA Standard Spacecraft 
Computer (NSSC-II), all of which are mounted to a Spacelab cold plate on 
the same Spacelab pallet as the AGS mechanical hardware. The GEA contains 
analog electronics for modulation and demodulation of the gimbal angle 
resolvers and for power drive of the two-phase, brushless dc torquers 
used to position the gimbals. The interfaces with these electronics are 
analog, and they are connected directly to A/D and D/A converters within 
the DEA. A discrete system for driving an independent set of backup coils 
in the torquers and for determining gimbal position using separate dis- 
crete type optical sensors is also provided by the GEA . When connected 
through, hard wiring to a contingency panel in the Orbiter or alternatively 
to the subsystem CDMS, this system provides a fully redundant backup 
caging capability for the AGS. The GEA also contains electronics which 

operate the experiment launch locks and power switching for all of the AGS 

121 

electronics (sensors, PEA, DEA and NSSC-II).^ 
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The DEA is a microprocessor-controlled general purpose interface 
unit which provides data input and output to the NSSC-II. Interface 
modules permit serial data transfer to and from the PEA, analog input 
and output signals to the GEA and Accelerometer Unit, discrete I/O with 
the GEA, serial I/O with the Spacelab CDMS via a coldplate-mounted RAU 
and serial output to the Spacelab High Rate Multiplexer (HRM).^^^ 

Flight software is organized into functional modules which are 
relatively independent, as indicated in Figure 3. The Attitude Control 
Module provides the servo error compensation and torque distribution for 
the two gimbal control systems and is described first. Two ACS modes 
are provided on the AGS depending on whether the gimbal resolver or the 
IRU is used for feedback control of the attitude. These are defined as 
the Gimbal Pointing ACS Mode and the Payload Pointing ACS Mode, respec- 
tively. 

Gimbal (resolver) pointing will normally be used only during the 
initial erection, holding or stowage maneuvers which involve a sequence 
of individual gimbal axis rotations. All other operations will use the 
Payload (IRU) Pointing Mode. 

II. 2 AGS Interfacing 

The AGS is accessible through the output sensors and Payload Elec- 
tronic Assembly (PEA) and the NSSC-II computer. These access the regu- 
lar torquer coils and can be used for rigid body control. Command inputs 
to the gimbal originate in the NSCC-II which as seen in Figure 4 outputs 
to the DEA which in turn activates the GEA and the gimbal. 

In addition, a separate access is available. This path is through 
the GEA directly to the two sets of coils in the tcrcuers. This path 
could be used if multiloop control is necessary such as modal control of 
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flexible bodies. For POF, this access appears to be promising. 

II. 3 AGS Noise, Errors and Accuracy 

For the purposes of this study all quiescent stability errors and 
pointing inaccuracies shall be considered as noise. Pointing error 
defines the total angular error that is allowed by the AGS. Pointing 
error is the sum of pointing accuracy and pointing stability. 

Pointing accuracy defines how close the AGS initially points the 
experiment line of sight to the desired target. Pointing accuracy ' 
applies at the beginning of an experiment observation period following 
an in-orbit calibration of the alignment errors, maneuverability to the 
desired target and convergence of the altitude determination system over 
the specific settling time. Examples of errors that contribute to 
pointing accuracy are sensor readout errors. and thermal distortion 
occurring after the in-orbit calibration. The numeric values of point- 
ing accuracy are considered to be 3a values (3 standard deviations) to 
insure probability of target acquisition. 

Pointing stability defines how close the AGS stays pointed to the 
initial point during an experiment. Pointing stability is usually 
thought of as two conditions: quiescent stability and disturbance re- 
sponse. Quiescent stability is the case where no external disturbances 
are acting on the AGS or experiment and steady state condition have been 
reached by the Altitude Control System (ACS). Quiescent stability values 

are considered as la. A pictorial view of these errors is shown in 

[21 

Figure 4. Table 2 contains a summary of the AGS pointing errors. 
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AGS POINTING ERRORS 
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TABLE 2 


AGS POINTING ERRORS 


ORBITER 

Quiescent stability 
(la) 

AGS 

.2 arc sec 

ASPS 

.01 arc sec 

360 arc sec 

Pointing ^accuracy 

.1 arc sec 

.1 arc sec 

1080 arc sec 

payload 
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II. 4 AGS Disturbances 


The Shuttle VRCS limit cycle disturbance is the most significant 
disturbance input to the AGS ACS. Sij^ thrusters are utilized in the 
VRCS each having 111.2 N. thrust. These disturbances are modeled as 
ideal pulses of force of finite duration. 

The Shuttle VRCS limit cycle disturbances are summarized in Table 
3 for roll, pitch and yaw limit cycles. Also indicated are the axes of 
the PDF boom for each Shuttle limit cycle. The table indicates the 
thrusters operating, pulse width, Y and Z axis forces and torques applied 
to the Shuttle for each axis cycle. The Shuttle's angular and transla- 
tional acceleration due to the limit- cycle are also listed. From this 
table, it can be seen that roll is the most significant limit cycle 
disturbance. 

The effects of a limit cycle disturbance on the PDF boom are not 

those listed in Table 3 but must first be reflected through the gimbal 

and accelerometer feed forward. A planar model was used for lateral 

121 

gimbal/roll and elevation gimbal/pitch VRCS disturbances. Each was 
developed assuming the other axis was 0° away from vertical. 

Figure 5 shows the development of the expression for acceleration 
perpendicular to the AGS line of sight (LOS) for roll. The first of the 
two equations at the bottom of the figure gives the acceleration as a 
function of angular and translational accelerations. The second uses the 
values of Table 3. Figure 6 shows the same development for the elevation 
gimbal/pitch VRCS limit. The two equations at the bottom of Figure 6 are 
as above. 

Figure 7 shows the net acceleration perpendicular (A to the 

p 

LOS in m/sec for both elevation gimbal/pitch and lateral gimbal/roll VRCS 
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FIGURE 7 


SHUTTLE ACCELERATION PERPENDICULAR TO AGS LOS 
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disturbances resulting from the planar model. .For POF boom the 

are those nearest 0°. The worst of these disturbances can clearly be 

2 

seen as a roll VRCS firing resulting in an = .0028 m/sec . 

This Ajj^gg is' then reflected to the load as shown in Figure 8. 
Not only is this disturbance passed forward through the gain conver- 
sion from m/sec to RAD/sec but it is picked up by the accelerometer 
which tries to negate this signal. Figure 9 shows the resulting 
angular acceleration disturbances at the base of the POF boom for an 


K 


TD 


accelerometer of 20 Hz bandpass Ka = 1 and — = .05167 RAD/m(roll) and 

1/ “ 'Jrn 


"TD 


EQ 


j — = .05239 RAD/m (pitch). The bandpass of the accelerometer was 

'eq 

set at 20 Hz. in this study so that gravity gradients would be de- 
coupled and the effects of thruster firing on the large inertia of the 

POF system would be minimized. The response of the accelerometer can 
be modeled as impulses as shown in Figure 9. 

IT. 5 AGS Limitations 

The chief limitation to the AGS is the total available torque per 

[21 

gimbal axis of 33.9 NT-MT . If this torque limit is not adequate for 
both rigid body pointing and active mode damping the future development 
of larger AGS torquers^^^ may be required. In addition the AGS pointing 
accuracy of .1/arc sec (3a) may not be adequate. 
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AGS ACCELEROMETER MODEL 
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III. Aspect Sensing System 


The Aspect Sensing System (ASS) for P/OF must yield fine measure- 
ments of; 1. modal vibrations about each of the three boom coordinate 
axis, and 2. rigid body rotations about each boom axis. In addition, 
coarse measurements must be available for deployment and target acqui- 
sition. This report will deal only with fine measurements. 

The following system is proposed: A fine LOS sun sensor, a laser 

interferometer and a star tracker. The fine LOS sun sensors would yield 
a combination of the error in rigid body rotations plus modal vibrations 
about boom pitch and yaw. This sensor could not detect boom roll. 

The laser interferometers would detect the relative angles between 
the boom base and tip. These angles are the result of modal vibrations. 

The flexible body modes can be estimated from these measurements. The 
output of the interferometer system subtracted from the fine LOS sun sen- 
sor would yield the error in rigid body rotations. 

The star tracker would be used to measure rigid body boom roll. 

From the star tracker, error in rigid body roll can be obtained. 

III. 1 LOS Fine Sun Sensor 

A configuration which allows the sun sensor to view the sun through 

141 

a small window in the mask is shown in Figure 11 . The required four 

sectors of the solar limb are viewed through the window by four penta- 
prisms, each of which relays the view to a corresponding pentaprism located 
over the sun sensor objective lens. (Only two pairs of the four pairs of' 
pentaprisms are shown in this figure). Pentaprisms are used here for their 
constant deviation characteristic , which simplifies the alignment and 
mechanical stability requirements. The angular deviation of a ray by a 
pentaprism in a plane mutually perpendicular to entrance and exit faces 
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is a constant, regardless of minor tilts and misalignments of the prism 

itse1 f . Pentaprisms are commonly made with deviation angles equal to 

90°, +^1 arc second. The purpose of the bandpass filter over the window 

in the occulter is to prevent radiation passing through the window in 

the occulter from raising the stray light levels in the White Light 

0 o 

Coronagraph. The nominal bandpass of this filter is 8250 A to 8750 A. 

A similar filter is placed over the objective lens of the sun sensor to 
decrease the effects of stray light on the aspect signals from this 
sensor. 

The spacing between the outer pentaprisms will be approximately 
equal to the boom length times the angular diameter of the sun. Thus, 
it would be 46.5 cm for a 50 meter boom. Nominal apertures for the 
window, the pentaprisms, and the objective lens are 5 cm, 2.5 cm, and 
8.0 cm, respectively. 

The four sectors of the limb are imaged onto the field stop by 
the objective lens, as shown in Figures 10 and 11. The field stop con- 
tains four cross-shaped cutouts, behind each of which is a separate 
detector. Nominally, the image of the solar limb will lie along the 
centerline of those arms of each cross which are tangent to the limb 
when the sensor is pointed at the center of the sun, as shown. 

Initially, the signal rises slowly from zero as the image of the 
solar disk fills more and more of the inner radial arm of the cross of 
Figure 11. Then, the slope of the curve suddenly increases as the 
image begins to fill the tangential arms of the cross, with the signal 
equal to when the image of the limb lies at an angular position 
along the centerline of the cross. Finally, the slope decreases again 
as the image begins to fill the outer radial arm of the cross. The 
purpose of the radial arms, of course, is to increase the angular dynamic 
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range of the sensor. The purpose of the tangential arms is to increase 
the slope of the error signals when the sensor approaches the orienta- 
tion at which it is centered on the sun. 

Typical dimensions for the cross-shaped cutouts are shown in 
Figure 11. The arms are 30 arc seconds wide and a total of 5 arc min- 
utes long, giving a total angular area of 4.75 square arc minutes for 
each cross. When nominally centered on the sun, one half the area or 
3.38 sq. min. of a cross will be filled with radiation from the solar 
disk. Then, a change in the angular orientation e of 5 arc seconds 
corresponds to change in illuminated area in the cross of .42 sq. arc 
min., or to an 18% change in signal level. Similarly, a change in 6 
of 0.3 arc seconds results in a signal change of 1.1%. Signal changes 
of these amounts should be readily detectable, and should also be large 
compared to the shifts in sensitivity of most stable types of detectors 
which might be used here. Even a. change in e of 0.05 arc seconds corre- 
sponds to a readily detectable signal change of 0.18% . Table 4 summarizes 
the characteristics of the proposed LOS fine sun sensor as well as the 
other components of the ASS. 

I IT. 2. Laser Interferometer 

The laser interferometer measures the six coordinates necessary to 
know the position of the mask (boom tip) relative to its base. A prelim- 

[ 5 ] 

inary configuration for this system is shown in Figure 12 . One laser 

with beam splitters provides the source of all six measurements. In Fig- 
ure 13, beam splitter would be located at A, D, P and Q, and detectors 
at B, R, S, D and A. Interferometers are located along with each detector. 
The six differences in distance are measured then (q-j - qg). With these 
measurements, the relative positions and orientations of the mask are 
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TABLE 4 



ASPECT SENSING 

SYSTEM 


INSTRUMENT 

LOS SUN SENSOR 

LASER 

INTERFEROMETER 

STAR * 
TRACKER 

MEASURES 

RIGID BODY PITCH, 
YAW 

MODAL VIBRATIONS 

RIGID BODY ROLL 

RESOLUTION 

.05 ARC SEC 

.01 ARC SEC 

.6 ARC SEC 

S/N 

1000 

2 X 10® 

3000 

ACCURACY 

±.0025 ARC SEC 

±.005 ARC SEC 

±.3 ARC SEC 

WEIGHT 

1.4 kg 

22 kg 

35.4 kg 

ERROR IN 
AX, AY 

— 

.005 mm 

— 


* For a 10 inch tracker 
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given by 


Dx = 1 q^/d 

Dy = 1 .q2/d 

= D(q2 + d2)^ 

<l>y = 

<t>z = 1 ^ 6 ^^^ 

These motions (q's) can be measured with a .Ipm typical accuracy^^^. 
Resolution can be extended electronically down to .0016 ym with con- 
ventional interferometers'^^. This corresponds to .0003 arc sec for 
a 50 m boom. 

In addition, AC Laser Interferometers (ACLI) have high repeat- 
ability and high accuracy . Accuracies of .5 parts per million are 
routine. Long range optical paths are also typically in use (60 m). 

The Hewl itt-Packard HP 5526 A has a range of 60 m and accuracies as 
stated above. In addition, ACLI's can have bandwidths as high as lOHz 
allowing for the measurement of modal vibrations. Table 4 summarizes 
the characteristics of proposed ACLI's as well as the other components 
of the ASS. 
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III. 3. Star Tracker 


The star tracker is used to measure rigid body rotations about 
the longitudinal axis (roll) of the boom. An additional measurement of 
the rigid rotations, as measured by the LOS fine sun sensor, is pos- 
sible. If targets other than the sun are studied, the star tracker 
would be the only source of the measurement of rigid body rotations. 

The basic functional elements of a star tracker and scanner are 
shown in Figure 13. The optical system collects and focuses collimated 
energy from a star and transmits it to the detector. The major optical 
design consideration are aperture size, angular field of view, optical 
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resolution, aberration, distortion and spectral transmissive efficiency.^ ^ 
The three types of optical systems generally employed are reflecting, 
refracting and hybrid. 

The radiation detectors are usually photomultipliers, vidicons or 

photodiode arrays and the decision electronics are generally integrators 

over a fixed period which increases the signal to noise (S/N) ratio. The 

noise effect, which appears primarily as random shot noise at the detector 

output, is minimized by extending the integrative time for star error 
191 

signals. This, in practice, means a reduction of the tracker bandwidth 
to below 1 HZ. 

The drive mechanisms in the cases of the photodiode array or vidicon 
are electronic signals used to scan the detector and there are no moving 
parts in the tracker itself. The electronic outputs are error signals in 
tracking about the axes under study. These signals can be used to drive the 
rigid body system error to zero. A summary of the star trackers character- 
istics^^^^ as well as other components of the ASS are shown in Table 4. 
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FIGURE 13 


STAR TRACKER FUNCTIONAL ELEMENTS 



ERROR SIGNAL 
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IV. Control System 


The Control System of the P/OF uses the gimbals of Section I as 
actuators and the sensors of Section II. The plant to be controlled 
is described in Section IV. 1. The control laws are described in detail 
in Section IV. 2 and IV. 3. 

The Control System consists of two control loops as shown in Fig- 
ure 14. The inner loop is a modal controller whose function is to ac- 
tively add damping to the flexible boom. This is accomplished by mea- 
suring the modes of the system at the boom tip (mask), adding phase to 
them and actuating the base with this signal. The resulting vibrations 
tend to cancel those vibrations present in the boom and it appears that 
the damping of the boom is much greater than in actuality. The main 
benefit of this method is the insensitivity of the controller to the 
actual damping factor^^^^ of the plant model. 

The outer loop controller of Figure 14 is the rigid body controller 
that actually points the boom as if it were rigid. This controller affects 
the modal controller only minimally and sets the bandpass of the system. 
This system tracks the target using the Proportional-Integral-Derivative 
(PID) controller of the AGS as well as other components of the AGS con- 
troller. Noise reduction is accomplished by severely 1 imiting the overall 
bandpass of the system. 

IV. 1 The Plant Model 

112 13 141 

The model of the plant has been detailed extensively ’ ’ . 

These models will be reviewed and extended as required. The boom is^ 
modeled as a flexible + rigid body. These are the first three sets of 
states of Table 1. The equations of motion are then. 
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P/OF CONTROL SYSTEM 












where U is the 3 x 1 rotational acceleration matrix at the base of the 
boom and 



Y = YC Yj 4 Y^ (3) 

where is the tip deflection due to the controlled modes, the tip 
deflection due to the suppressed modes and Yj^ the tip deflection due to 
the rigid modes. Note that Yj^ is also the deflection of the base of the 
boom and Y is the total tip deflection. 

The flexible body modes (natural frequencies) are functions of boom 

n 2 151 

length, width, mass and tip mass^ ’ . The first eight (8) modes were 

used in this study and resulted from a 50 meter x 1 meter boom with a 25 kg 

tip mass. These boom frequencies and shapes are summarized in Table A-1 

of Appendix A. The damping factor for' the boom appears to be in the 1-2% 

ri51- 

region •' as measured by the SEPS boom test. 

Using these data, the resultant A^ and matrices can be derived 
and are listed in Appendix A. The rigid body motions are simply double 
integrations of base accelerations and result in the A^ matrix of 
Appendix A. The input (B^, B^) and output (C^, C^) matrices for the 

ri 2 141 

flexible modes were derived from NASTRAN analysis ’ and are also 
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listed in Appendix A. The input (B ) and output (Cn) matrices for the 

r K 

rigid modes are ones and zeros which simply reflect the double integra- 

ri4i 

tion^ . These matrices are also shown in Appendix A. 

Equations (l)i (2) and (3) completely describe the motion of the 
tip and base of boom due to accelerations at the base. These equations 
' do not however describe the effects that the actuator has on the system. 
These equations are discussed in Section IV. 3. 

The scientific instruments to be used^^^’^^’^^^ are summarized in 
Table 5 along with their respective masses, sizes and mounting locations. 
The instruments consist of two (2) coronographs - one ultraviolet and one 
white light, and two x-ray detectors on x-y tables. In addition to these 
instruments, the LOS fine sun sensor, laser interferometers and star 
tracker of Table 4 must also be mounted on the AGS mounting plate along 
with the boom deployment canister. 

Since the torque capabilities of the AGS actuator are limited to 
33.9 NT-m (see Section II) a knowledge of the moments of inertia about 
each of the gimbal axes is necessary. The moments of inertia are a 
result not only of the boom-mask but also of the scientific instruments 
loaded onto the AGS platform as well as the other gimbal drives and 
mechanisms mounted above the axis under consideration. The moments of 
inertia about each boom axis are listed in Table 6 for the boom perpendi- 
cular to the mounting platform. The torque required if the system was 
totally rigid would be the total angular acceleration about each gimbal 
axis times the moment of inertia about that axis. Since the system is 
not rigid but flexible, the total required torque has an upper bound of 
the torque calculated assuming a rigid body. 


35 



TABLE .5 


SCIENTIFIC INSTRUMENTS 

Instrument 

■H 

Size (m) 

★ 

Center of Mass 
X Y Z 

U.V. Coronograph 

180 

1 . 5x1 . 5x6 

1.75 

1.75 

2 

White Light 
Coronograph 

80 

.60x2 

1.3 

1.3 

1 

X-ray Detector 1 

100 

Ixlx. 5 

. 

1.5’’' 

1.5+ 

.25 

X-ray Detector 2 

100 

Ixlx. 5 

1.5+ 

1.5+ 

.25 


★ 

(0,0,0) is located in the center of the mounting plate, top 
surface. 

^ Movable X-Y table allows the cm to be changed in X & Y. These 
figures are for the detector abutting the boom deployment 
canister. 
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TABLE 6 



From Nastran Analysis . 

Includes 328 kg for the X and Z gimbal assemblies. 

(1) Jp 4 Moment of inertia of the payload about its own center 

of mass (C.M. ) 

(2) Mp 4 Mass of the payload 

(3) rp A Location of the payload C.M. relative to the gimbal axis 

2 

(4) 4 Total inertia about each gimbal axis = Jp + Jg + Mprp 
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IV. 2 Modal Controller 


The partioning of the state vectors in Equation 1 reflects the 

objectives of the modal control system design. The controlled states, x^, 

must be control led to achieve satisfactory system damping off line while the sup- 

119 201 

pressed states, x^, are known but not critical to the control design ’ . 

What we would like to do is effect changes in x^ and no changes in 
either x^ or Xp. The effect of the controller on the rigid modes or sup- 
pressed modes is called control spillover. We wish on one hand to optimize 
the system for. the controlled states and limit the control spillover: the 

r 

controlled states are actively damped while the suppressed states are not 
excited by the controller and the rigid states are unaffected by it. 

We have an optimum controller 

= - KXj. (4) 

determined by using an index of performance 

00 — 

" o’ + u u) dt . (5) 

which results in the modified plant equations: 



Clearly, we would like to have for no control spillover: 
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wtiich merely implies the orthogonality of and K. 


By modifying the performance index to include spillover terms (B^u) 
we can simultaneously minimize the PI and the product B-jK. Including 
these spillover terms in the PI, we have: 


PI = ^c ^c ^c ^®1 


= o IxJ + u"^ (R^ + B^) u] dt . 


( 8 ) 

(9) 


Now by heavily penalizing the PI to suppressed state spillover (R^>>>R^), 
we can force the maximization of the orthogonality of B-j and K. The feed- 
back coefficient matrix can now be solved from the familiar matrix 
riccati^^^^. 

The control spillover into the rigid body states cannot be avoided, 
but represents only steady state following errors. These errors can be 
removed by the proper selection of controller gains for command inputs 
and rigid body feedback. The design of a rigid body controller is 
detailed in Section IV. 3. 

The output of the modal controller (Equation 4) can be added to the 
output of the AGS feedforward accel erometor (see Figure 14) and the AGS 
driven by the resultant signal via the DEA-GEA. The modes themselves must 
first be measured. This represents a more difficult task. 

Due to the nature of the system (the forms of the matrices and 

C^) an observer for the first eight modes which does not have signal present 

from the suppressed modes could not be designed. This observation spill- 

ri9 20l 

over could cause serious stability problems'- ’ Two promising tech- 
niques are available, however. The first technique is to bandlimit the 
sensors detecting the modal vibrations and construct an optimal controller 
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which is unaffected by the filter but yet does not undo the filter's 
f21 1 

effects. Another technique is to use a comb filter which is phase- 

I 

locked to the modal frequencies and "combs" out the individual compon- 
f221 

ents. The relative components are then readily determined. The 

value of the second approach is that the comb filters can be realized 

f231 

in hardware which may now be less expensive than software. 

The modal controller is strictly an active damping system. The 

original eigenvalves for the controller states were for 2% damping: 

Ai 2 = 1^3 4 = -0217 + j 1.086 RAD/SEC 

Xg g = Xy g = .150 j 7.50 RAD/SEC 

While the eigenvalves for the controlled states under the effects of the 
modal controller are: 

Xi 2 = ^3 4 = 1.3785 +j 1.0894 RAD/SEC 

X5 6 = X7 8 = 1.2508 + j 7.4484 RAD/SEC . 

The effective damping ratio for the first four eigenvalves was increased 
from 2% to 126.5% and the effective damping ratio for the second four 
controlled eigenvalves increased from 2% to 16%. This yields time con- 
stants (the inverse of real part of the eigenvalves) for all modes on 
the boom of under 1 sec. 
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IV. 3. Rigid Body Controller 


The rigid body controller consists of the outer loop of Figure 14. 

This loop is comprised of the PID controller and modal filters of the 

AGS, the plant, sensors with noise and unity feedback. Only the rigid 

body modes (with modal spillover) are detected (as discussed in Section 

III) and fedback with this controller. 

The philosophy of design of this controller was to bandpass limit 

the system to reduce noise but not to significantly affect the pole 

placement resulting from the modal controller. The AGS has two areas 

for design: the PID controller and the modal filter. The gains for the 

1241 

PID controller were chosen for optimal tracking and were: 


Ky(s^ + 2.02s + 2.08) 

n - _A 

^PIDX s 

Ky(s^ + 4.116s + 3.62) 
GpjpY = i 

K,(0.s^ + O.s + 1) 
^PIDZ " s 


( 10 ) 


The PID controller gains determine the placement of zeros of the 
system. The gains selected resulted in zeros being placed close to but 
not canceling the poles of the first two modes. With the rigid loop 
closed, the modal roots cannot migrate significantly for the first two 
modes. 

The remainder of the rigid body controller was designed using root 
locus techniques. For this technique the transfer functions must be 
known. The plant equations are^^^^: 
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Yc(s) = (s^ 6^(5)) 


r 2.668 


.267 


s^+2.69s+2.99 s^+2.05s+56.3 


-1.092 


108 


s^+2.69s+2.99 

0 


s^+2. 05s+56. 3 


(sSg(s)) , (11) 


= s 


Ys(s) = [I3 - M 

.05s^+.052s^+2.521s^-.1074s+2.83 , 0 

0 , .03s^+.028s^+1.505s^-.232s+1.695 , 


0 

0 

0 


(sSg{s) , (12) 


(s^+2. 69S+2. 99) (s^+2.05s+56. 3) ( s^+2. 2s+475. 9) 


and. 


Y(^(s) = Cr Br [I - B^] (s^ 0e(s)) 

s^+1.04s^+50.39s^-1.94s+56.39 0 , 0 

0 , s^+.94s^+50.18s^-7.5s+56.39 , 0 

0 , 0 , 0 

(s^+2.69s+2.99) (s‘^+2.05s+56.3) 


(s^9g(s) , (13) 


The overall gimbal transfer function is 

s^0p 

■ " ^PID ' S 

where G,, is the modal filter transfer function. 

The modal filters were chosen for X and Y to be: 


( 14 ) 
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= s^(s^+2s+401) 

(s^+8s+16)(s^+40s+400) 

/ s s^+2s+401 

“ (s2+20)2 


( 15 ) 


The first term represents a bandpass limited differentiator so that the 
rigid body system is type 1. The second term prevents the migration 
of the suppressed modes to the right half s-plane and prevents instabil ity. 

The root locus plots for the rigid body controller are shown in 
Appendix B. Plots are shown for the controlled and suppressed modes for 
X and Y and the rigid modes for X, Y and Z. The Bode plots for the rigid 

A A 

body modes are shown in Appendix C for X, Y and Z. 
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V. System Simulations 


The system was simulated using a Uni vac 11 00/digital computer. 

All equations of motion were first order state variable notation equa- 
tions and were integrated using the fourth order Runge-Kutta numerical 
integrator of Appendix D. Integration stepsize was varied between 
.01 sec/step and .1 sec/step. 

The computer programs which simulate the system along with their 
respective flow charts are listed in Appendix D. All the plant/control 
equations are computed in subroutine FUNC. The subroutine RKSUB is the 
Runge-Kutta integrator. The main program handles the input-output and 
timing. All data related to the simulation is in Appendix A. 

V.l. Plant (Boom-Mask) Simulation 

The plant was simulated using the model of section IV. 1. Equations 
(l)-(3) of section IV. 1 are repeated below. The first order state variable 
equations are: 



and 

Y = Yc * + Yr (3) 

where is the rigid body deflection (both base and tip), the tip 
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deflection due to the controlled modes (X^,) and the tip deflection 
due to the suppressed modes (X^). 

V.2. AGS Simulation 

The AGS was simulated using the frequency response equations of 
Section IV. 3. These equations were transformed into the time domain 
using phase variables and resulted in the following state equations. 


^G ^G®E 

where the Xg's are the AGS states and 


= R. 


com 


The matrices A^^^j and Bg are listed in Appendix A. 


(16) 


(17) 


V.3. Control Simulation 

The P/OF control system is a two loop controller (as seen in Figure 14). 
The driving functions for the plant (Boom-Mask) is the 3x1 U vector. This 
vector is the sum of modal control + noise, the output of the AGS + the 
disturbances + noise (see Section IV. 4). The control law is, neglecting 
the additive noises and disturbances 

ij = - KXc + CgXg (18) 

where the X^'s are driven by the of Equation (17). 

V.4 Disturbance, Noise Simulation 

The disturbance model used was the AGS VRCS disturbance model of 
Section II. 4. Both man-motion and thruster firing result in doublet 
impulses being impressed on the boom base (see Section 1 1. 4). The distur- 
bances, 6g, are additive to the control equation (18) resulting in the 
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following modified U: 


ij = - KX^ + CgXg + 6p . (19) 

The noise wasmodeled as a random stationary process of mean zero. 
The standard deviation of each noise (N-j - of Figure 14) was determined 
as follows. and N^, the sensor noise, has the standard deviation of 
Table 4 (+ Jg resolution) while N-j is the pointing accuracy of the AGS and 
N 2 is the quiescent pointing stability of the AGS. N-j , N 2 , and are 
all 3x1 vectors. 

These noise vectors further modify the control law of Equations (18) 
and (IS) yielding 


i) = - K(X^ + N3) + CgXg + 6 „ + N, + 


(20) 


while the forcing function for the AGS controller of Equation (17) becomes 


E com K ^ 


( 21 ) 
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VI. Resu-lts 


The flight of the P/OF can be considered to be in three phases: 
deployment, noise/drifting, and response to VRCS thruster firings. The 
feedforward accelerometer decouples the shuttle gravity gradient (G.G.) 
accelerations from the boom and no estimate of the boom G.G. rates are 
attempted. The boom G.G. rates should be an order of magnitude less than 
the shuttle rates and the results of earlier studies demonstrated the 
ability of the P/OF to follow even the shuttle G.G. rates^^^’^^^. 

The shuttle drifting simulation results are shown in Appendix E for 
three deadbands: 1°, 2 ° and 5°. For a 1° deadband the mean period between 
thruster firings is 40 sec but the thruster will fire in bursts of 15 times 
to alter the shuttle's course. All data for the shuttle G.G. rates was 
obtained from STS-1 data^^^^. The period of the plots (3000 sec) is one- 
half an orbit. For a 5° deadband the thrusters fired in bursts every 160 sec. 

The results of the total system simulation which incorporated the 
shuttle, AGS, P/OF, controllers, noise and disburbances are shown in Appen- 
dix F. The shuttle drifting of Appendix E is verified in Appendix F. These 
plots show tip response, base response (both in arc sec) and control effort 
(arc sec/sec^). A summary of results is shown in Table 7. 

VI. 1 Depl oyment 

Deployment of the boom involves extending the boom from its canister, 
initial pointing, and calibration. To the simulation this means initial 
boom displacements and velocities must be damped out and the boom pointed 
at the sun. All of the deployment activities must be carried out in the 
presence of noise. A typical deployment sequence can be seen in Figures 
15 to 20. Figure 15 shows the initial damping out of modal displacements 
and velocities. The initial conditions of these figures were 
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TABLE 7 


RESULTS SUMMARY 


MAXIMUM 

. RMS 

NOISE 

.06 ARC SEC 

.015 ARC SEC 

VRCS DISTURBANCE * 



ROLL X 

.5 ARC SEC 

.36 ARC SEC 

y 

.065 ARC SEC 

.015 ARC SEC 

z 

.065 ARC SEC 

.015 ARC SEC 

PITCH X 

.065 ARC SEC 

.015 ARC SEC 

y 

.09 ARC SEC 

.035 ARC SEC 

z 

.065 ARC SEC 

.015 ARC SEC 

YAW X 

.065 ARC SEC 

.015 ARC SEC 

y 

.065' ARC SEC 

.015 ARC SEC 

z 

.19 ARC SEC 

.12 ARC SEC 

DISTURBANCE 

SETTLING 

TIME 

1 SEC 

— 

DEPLOYMENT 

SETTLING 

TIME 

10 SEC 

— 

TORQUE 



X 

14.9 N-m 

— 

y 

5.7 N-tn 

— 

z 

.8 N-m 

— 

SHUTTLE 

DEADBAND 

r 

1 ° 


* INCLUDES NOISE 
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PLOT OF base versus TIME 
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FIGURE 15 

. BOOM DEPLOYMENT SEQUENCE 
(DISPLACEMENTS IN ARC SEC) 
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FIGURE 16 

. BOOM DEPLOYMENT SEQUENCE 
(DISPLACEMENTS IN ARC SEC) 
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FIGURE 17 

BOOM DEPLOYMENT SEQUENCE 
(DISPLACEMENTS IN ARC SEC) 
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FIGURE 18 

BOOM DEPLOYMENT SEQUENCE 
(DISPLACEMENTS IN ARC SEC) 
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FIGURE 19 

BOOM DEPLOYMENT SEQUENCE 
(DISPLACEMENTS IN ARC SEC) 
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FIGURE 20 

BOOM DEPLOYMENT SEQUENCE 
' (DISPLACEMENTS IN ARC SEC) 
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chosen at random. Figures 16-20 show the calibration and initial point- 
ing of the boom. The torque required to initially damp the boom, point and 
calibrate it did not exceed the 33.9 N-m capability of the AGS torques and 

^ ^ A 

v/as limited to 14.9 N-m in x and 5.7 N-m in y. z did not possess modal 
dynamics due to the low tip mass^^^^. Extended plots, and data of deploy- 
ment are shown in Appendix F, Figures FI to F43 including torque plots. 

All tip and base plots are in ARC SEC and all torque plots are in N-m. 

\ 

VI. 2 Thruster Firings 

The typical responses of the boom tip and base to thruster firings 
are shown in Figures 21 to 23. Figure 21 shows a typical response to a 
roll axis VRCS thruster firing. The maximum tip error was .6 arc sec while 
the maximum base error was .048 arc sec. The maximum control effort v/as 
28.9 arc sec/sec^ resulting in a torque demand of 8.1 N-m. A complete 
thruster sequence is shown in Appendix F, Figures F44 to FGl . 

Figure 22 shows a typical response to a pitch axis VRCS tfruster 
firing. The maximum tip error was .03 arc sec while the maximum base 
error was .02 arc sec. The maximum control effort was .8 arc sec/sec^ 
resulting in a torque demand of .337 N-m. A complete thruster sequence 
is shown in Appendix F, Figures F62 to FI 00. 

A typical response to a yaw axes VRCS thruster firing is shown in 
Figure 23. The maximum control effort required was .0008 arc sec/sec^ 
or a torque of .01 N-m. The maximum tip and base errors were .19 arc sec 
and .19 arc sec respectively. A complete thruster sequence can be seen 
in Appendix F, Figures FlOl to F139. 

VI. 3 Noise 

Of considerable interest in the P/OF is the system noise. Noise 
appears as random excursions of the boom tip (primary effect) and base 
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ROTATIONS ABOUT x (ARC SEC) 


FIGURE 2] 

ROLL DISTURBANCE RESPONSE 

A = BASE 
B = BOOM TIP 
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ROTATIONS ABOUT y (ARC SEC) 


FIGURE 22 


PITCH DISTURBANCE RESPONSE 

A = BASE 
B = BOOM TIP 
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ROTATIONS ABOUT z (ARC SEC) 


_ _l 

FIGURE 23 

YAW DISTURBANCE RESPONSE 
A = B = BASE = BOOM TIP 
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(secondary effect). Figures 24 and 25 show a typical on target noise 
time course. The maximum noise was bounded by .1 arc sec for the boom 
tip and an order of magnitude less for the base. The rms noise was approx 

VN A A 

imately .015 arc sec for the boom tip in x, y and 2 (boom roll). Complete 

A 

noise characteristics about the x axis are shown in Appendix F Figures 
F140 - 153 over a 15 sec time period. 
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CUMvE 'A* IS A PLOT Of BASE VERSUS TIME 
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FIGURE 24 

NOISE CHARACTERISTICS 
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FIGURE 25 


NOISE CHARACTERISTICS 
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VII. Conclusions 


As the results show, the P/OF is asymptotically stable (returns to 
rest at no displacement after an initial displacement). In addition the 
P/OF has good pointing accuracy (lo = .03 arc sec.), good pointing sta- 
bility (lo = .015 arc sec quiescent) and low disturbance responses (.5 
arc sec maximum). The controllers utilized were an inner loop modal con- 
troller which actively damped the P/OF boom and an outer loop rigid body 
controller utilizing the PID controller of the AGS + the AGS modal filters. 
The state of the art sensors proposed allow the system to work within error 
tolerances. The AGS torquer appear to be sufficient to move and control 
the P/OF's large inertia. Disturbances, either VRCS thruster firings or 
man motion, do not have significant effects on the pointing stability of 
the system. 

[231 

The main problem with a system of this type is cost.*- ■' The inner 
loop controller requires filters plus an eight order estimator which could 
cost as much as 3-4 million dollars alone. The implementation of the rigid 
body controller plus modal filter could easily run just as much. Clearly, 
a less expensive way of achieving the same results would be of great 
benefit. 
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IX. Appendices 
IX. A. Plant Data 
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APPENDIX A PLANT DATA 
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0 , 7.82E-4 , 0 , -1.96E-3 , 0 , -9.2E-4 , 0 , 1.07E-3 
0 , 8.03E-4 , 0 , 3.19E-4 . 0 , 4.3E-4 , 0 , 3.7E-4 
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 


0 , -7.1E-4 , 0 , -2.8E-5 , 0 , 7.5E-5 , 0 , 4.8E-4 
0 , 1.5E-5 , 0 , -4.3E-4 , 0 , 3.3E-4 , 0 , -4.9E-5 
0 , 0 , 0 , 0 , 0,0 , 0 , 0 


1 0 


0 0 1 


0 1 


0 1 


0 0 1 


(A-10) 


0 0 0 0 


0 0 


0 0 


0 0 


(A-13) 


0 0 0 0 


(A-14) 


0 0 1 
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(A-15) 



1 , -2.02 , -2.08 ,0,0 ,0,0 

0 , 0 , 0 , 1 , -4.116 , -3.62 , 0 

0 , 0 , 0 , 0 , 0 , 0,1 


5.15E-4, 7.77E-4,-! .29E-3,-1.96E-3,-1.49E-2,-4.26E-3,1.72E-2,4.92E-3 
R= |-1.29E-3,-1.96E-3,-5.15E-4,-7.77E-4, 1.72E-2, 4.93E-3,! .49E-2,4.26E-3 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 


XA-16) 


A. 2. MOMENTS OF INERTIA 


for Roll (x-axis) Gimbal 


Ktd MpRL3 

^eq' 

685(6.5) 

" 75230+685(6.5)^ 


4,452.5 kgm 
(-57230+28,941 )kgm^ 


4452.5 

86,171.25 


0.05167 m 


-1 


for Pitch (y-axis) Gimbal 

K-pp Mg(RE2)+Mp(RE2+RC2+RC3) 


328(.1064)+685(2(.1064)+6.5) 

[ (328+57, 230)+328(.1064)^+685(2(.1064)+6.5)^J 


4633.2 

88428.9 


.05239 m“- 


for Ygy, 
then ^ Q Y 


assume entire mass of Gimbal is a 'thin' 
= mr2 = 328(1)2 = 323 kgm2 


disk Im in dia. 


-Mp = 685 kg; c.m. = 6.5m 

SPERRY REPORT, April 1980 "Design & Performance of AGS" pg. 44 
- TOTAL AGS WEIGHT w/ROLL(z-axis) 328 kg = Mg 
From Sperry Jpy = Opj^ = 57,230 kgm2 
RE2 = RC2 = .1064m RL3 = c.m. = 6.5m 
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IX. B. Root Locus Plots 
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FIGURE B-2: 
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FIGURE B-5 
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IX. C. Bode Plots 
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IX. D. Simulation Programs/Flowcharts 
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WR1TE(4,10C)(F9(I,J),J=1,12) 



li ‘ l = r* (f* I ) u J) ‘-o'.afe 



DATA <<ANE(i ,j ) , J= 1 , , 1= 1 , 1 ? ) /2 1 *0 . , f 

0ATA((AEN(1, J>,J= 1,35, 1=1, 



t...C0PT THE IMTIAL shuttle 

Tangles into ccmmon/angles/ 
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RE«D*iIPRlNT 



PRIMT*,' f'JTER TMt INIT«L R»NOd« 
NUMUER FRO'' the' 



ARCI-7, 1-4) = 1 . 
'L'E IF (I.GT.12)THEN 
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BEGIN THE INTEGRATIONS 
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CALL PLOTS (OUT, AN Ar,YNAM(2),7lTLE(^) 
TY l,NPn IM *aT ,C (?) ,NY ,2 , t) 


C < « » • • • ♦ 1* ♦ • • p p r ■ * } 
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IX. F. Simulation Results 
IX.F.l. Boom Deployment Sequence 
Figures FI - F43 
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CUHvE 'A* IS A PLOT OF BASE VERSUS TIME 
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CURVE IS A PLOT OF TORQUE VERSUS TIME 
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FIGURE F33 
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FIGURE F35 
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FIGURE F36 
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PLOT OF THETAX versus TIME 


9 


FIGURE F37 


tr. 


ococoocoooooooooooooooooooooooocooocococ 

^ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

lo3'K-<.»t^*^Cf^if)»ocNiocof^m»ncsjoeor^inK)c\joeoKinfoe\joeor«-ifiK>cMoeor«*inK> 

KO®sCi/)^^oos0<sjc09Oir«^r»^0't/)o«c(^cD^ou^^r«>i09'ir>o«c(\i(C^oi/)^r^K) 


>■ *4^<\l<\JCMCVl<NJC\iCMCSJ<Mf\lfU(NJMOJ(Mr\)(Vt\)CMC\i(\JC\)r)fOfOK>fnK)fOfOK)fOfOK>fOfOfO*n 

< oooooooooosooooooooooooocooooooooooooooo 
»— oooooooooooocooooocooooooooooooooooocooc 

^o»o®»nif5®®(r-<<\i^ift®®0'-HC\ja'iDh*®o»NK>in«or**<\i®0 3^®(\j*c^m«r»of^^if; 


X tNj<N»<Mfv^or>r>K)r)^or)r>inKiin*ot^ioK>fo^^«Of^io^»OK>»o^TO»o»Ofo^fO»oK) 
< ooooooooooooooooooooooeooooooooooooooooo 
►- oooooooooooooooooooooooooooooooooooooooo 

X oO'^ ®^f»*iriK^o®tfi^o®®. 3 ’<\Jo®®^»^ff>h.tf)po*^ 6 'Osf <sje® sD» cvof** 

o(NJio®o^f')if)®o<Njint*‘0^^^®®o^if)f>^oc\j^®Ov»^fo®®®<VinN9'cv^o®^ 
o CO j i£0'«-i«-«^»^<\icuc\jcuco»oK>ro»o^3-jj^ir>inj^inir, x£!^^ ®®r 


< 

> ^ 
o 
X O 
D 4- 

X ^• 
«■ 
X ® 

< fn 


iO 

z 

o 





« 


< 


Z> O 

z o 

•- o 


*## «<<<<<<<<<<<< 
«« <<<<<<<<<<<<4K ssasss 

oc3C£sscco30^oo2S2Sffiffio®{2o®cffix sasoo •«•••• •••• •• 


0000030300000000000000000000000000000000 

0330300000333300000300300000000033000030 

^030333333 3 3 333033030033333303330003033333 
X03033000330000003300030C30300030300033033 
-•33^3^3^^303•“?WOJ^^^»•®J‘0-4CV•0^^3^»X>3-4(\*O^J>i^*B?‘3 






204 



4100«00 


I 




r r < 


»■ V 




j FIGURE F38 

I 

i 

I 


I 




c\)Cij(M(vi(vrs.'CV(vrv(\icoruojrvjCMc\j roc\j AJ<sj«\}ca<v*o»o^fO 
ccoooccooooocoocooooooooooo 
ooooooooooooooooooooooooooo 


cjO(Cr*s.tOK^oco®f«-m^rooa3r^i/)*Of'Jo®f*‘ir)fOC'iri'^ 

0'(T>o>oc\)<c^otn*4h>r)0'(r>o>£(\t(s^oin«4fo«i4csi940 

^tPCC^«Nr\f.9tCf^^oc\j*ot/)f^coo*4fOu^40coc'Oooo 


r)ioK)irir>K5»o»o*oK)fn^»nfOK)K)K)»r)fn^»OfO»r*r'0»^»o«n»o»r 

ooocooooccooocoooocooccoccocoo 

OCOGOOOOOOOOODOOOOCOOOOOOOOOOO 

K#n®iroorgeonC‘in»^r“>'^cc^c*rc\<r^K)ff'in^r^cvc^o>o 
00^^^«^^(V<Vtvr\lfV<V<V«»n»0»OPO?0:?'^ ^ ^ 



K)K)fOr)lOK)fOK)fnK)fnr)fOK)fO«<)r)fOlOK)f0^r)lOfOfOfOlO<>fOfOt^r}K)K)tO«0*«^inK)fO»OK)K)^fOK>fOfO^K)K)r>fOK)r)fO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOGOGOOOOOOOOOGOOOGGOOOG 

oocooooooooooooooooooooocooooooooooooooooocococoooccooooo 

®tfC(\(®oino^nr^^(/^c^9S(v®otfe«or^*-itAo^for^(\i®09®rg®«H®o^'or*>-H®®5r®cM®CLno'fOf^-4ir3'^ocsj 

«4^,4«.4,H*4*H«HOj^(V€\iCg<\JM<\l<SJ(MCg(NJCSjC^<M<M(g€MCUOJCNjC\JCUNlO>OtOf0^tOnfOiO>OK>r)K>rOrOr)^fOK)K>r)fOfOK)^ 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooocooooccoooo 


<<<<.«x<<<<«x 

SffiffiCSCSSSS 


<<<<<<<<<< 

< << <<<<<<<<<< 

<<<<<<<<<<<<< 

< < < 

®S9SSSSS099®SaSSS®S 


< < < < 

< < < 

9999999 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

000 ® 000000000000 © 0030000003 ® 000 ® 0000000 ©®® 0 ® 00 ® 000000 ® 9 ® 


oooooooooo®ooo®oo©coc©©oo©oo©®oo©s®ooo 30 ®oo®©Goo®s>oooo»o 
oj»Oa'J^«r»xy‘©*^:v*oa^^. D^®5*©-^cv‘0^j)®r*®3'©— 


I 


t ^ 


I 


I 




V w W ^ 


k 


205 



VHUUtOOl 


FIGURE F39 


C 


OCOCOOOCOOOOOOOOOCOOOOOOOOOOOOCOOOCOOCCOOOOOOOOCCOOOOCCOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 

l 0 LDlDU^^ 0 ^ 0 * 0 vDsD^ 0 ^-^'^“^-^‘^*■^DC 0 ®C 0 ffl®ff' 0 '^ff'^ 0 'ff'OOOOOO-H-•*-^^— »f\>CMCOC\JWC\JC\)fOtnOfr)< 1 *Oir:J-^ 


r)K>fO»^ior)^K)K 5 fnr)r)*o«^^#r)K)#<jriio»nrt»o«r)«rt«i»i*^r>K>r)r>K>r>»oioiOfOrtKjK)K)fOO»oiOfnm*ri*o»o>oK)K) 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooocooooooooooooooooooooooooooooooooooooooooooooccooe 

®otf®for»*^tno'*or^<\)®o 9 ®<Njo«Hinc'for^«H®o. 9 ®f\j®oioO'fOh>^mo'. 3 ^®oj®o^o*oh>- 4 ir 9 'ror^cvs 009 -eo 

c*-tWMC\jc\jfnm^a-^(rin®®®f«'f**®®® 0 ' 0 'oo«-««^* 4 (\jc\}^r>K)^ 9 miCir>\ 0 %ch-KS®® 0 'a'cocw^cvj(M' 0 ' 0 r 0 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooao 

^i.rf«*of>j^v 00 N^»n\ 0 ®o<'Ji 0 f^^^. 3 '®®-<» 0 int^oc> 43 ’^“ff‘»^^®®orgirtr*“a'fNi 3 -* 0 ®-^» 0 Ln®oM 3 -r*“ 0 '-ir 0 * 0 ®o 
<ViCUf'ji^K 5 K)r)r^^^.^^miDui 4 rtir)®®®®r^r*-^-t^®®®®® 0 ' 0 '&'^®oooo»^»^»-» Wcg co(NJcs}fOOK?»oK>:»^^^cru^ 
<Vrw<VOifU<WfgOj<Vf\/AI<V<V<VA/«W<W<VOiOJ<W<\<W<V<U<W<W/Wr\iA»eW«WCVrWlOlOK>^^K>lO»OK>lOfO*OK>K)f 0 K 5 »O»O»O<OK>O'O 


<<<«<<<<< 


<<<<<<<<<<<<< 


:<<<<<<<<•<< <■< 


<■< <<<<<<<<<<< 


CS St CD CD O CD O 


ssssssssssssssssxaffissxssssxsssssxs 


£D ^0 a ffi 


<<< “Z < < < < < 


CX)CDCDlD^B)OtDS 


-4Nrw^?v(^raf^fy(^cg(^rsi(Mry(vc\j(V(V(v(^<M^<V(Wcv(^<v<\irg(vrgcMcxcg(MCMr\roi(V(wojcvf>40i(wrwNN<v^c\i(M<vr>i(>j 

00000000009000000000000000000000000000000000000000000000 

09000000000000000000000000000009000000000000000030000000 

93939000003903093330000 O'O 3 30 33000303033 3 3 333333333333000 
33 - 4 CW^ 9 in^f <»®7 3 •^cv 0 »lft* 0 ^>•®> 0 ^cv^ 3 ^ 00 ^•®^ 3 wc^^ 0 » 

5* ^ ^ «4 «4 ^ ^ •«* »4 ^ ^ ^ ^ ^ ^ ^ ^ ^ «4 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 


/ _■ . * w-» ^ 


206 



bbO»OOZ 


( i « 


t t 


t i < 


« « 


f • < • • 


*■ \ 


FIGURE F40 


coocoooc 

ooocoooo 


*OfO*0»OfOfOK)K> 

oooooooo 

oooooooo 


oooocooo 

oooooooo 


m ^ tn m *o to *n 
o o o o o o o 
G O O O o O O 


OOOOCOOOOOCOCCOOOOOCCOOOCC 

OOOOOOOOOOOGOOOOOOOOCCOCCO 


:yo^ccsjr^^Q'iD— •h-c\jo^o»cfvjr“^^i/>»Mts.<\ja3^ro\D<\Jh-K>ff'in-^f*-cu®^o^o»Hf^r>0'ir5-^\Drocc^o%c«-'r~fOo^ir»- 
lO^>ooMf0^^oo'«4c^^^c^>0'o<VK)lO^>oo•4iOtf>^oo'^fu^«£^^o^ocv^t^>^>■coo-HK)tn^<sc^^K)9scr-'^o(^|^ 

.^^^l^lntf)l/)l^>tf>U^«CtD«£>«I^«0^^*'h‘^>'K^^^>tOOCOCOO(C(S9'9'9'9'0'9'000000•>««N•^<•4^^^0;(VA;(VC^ICV^*OK> 

cyrjc\jcsjcsjc\j<\icyrsjCNJc\jcoro<\jfsi<\jrjCNJco<\jCd«vj<\jcuracNJcgrij<\if\jc\icjc\i(\jcvF^r^rjF^K)*Ofn»o»nio»o»n»n»n»otn»o»OK)K^K^»o 


ior)r^^K)^K)»n»OK3rtrtio^Ki»nfOiorirtn»nr^*o*nio*o»or)ioio^rtio^^^fOio*n*om*o»o»nioioiOK)rtrjfOfommr)K) 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooocooooooooooooooooooooooooooooooooocooooocooooo 

c\ih'-<inO'nr^»^\Oo^o<Nj®omo'^r«-— <Lno'.^o<Nj»oo^®^f^^iDO'^r>-c\j»£jo3^®(Njr^^Lnc'K^r--^>£joj-®c\jsooir> 
a-^if5ir. u^v0»Ch“r-®®®^C'Ooo«-i^<\jca?\i»0f0^^if>u^ifiO*Cf^f^h“®®0'0'Coo^-HCj0j<\j'0<;;5-:jinLr, 


oooooooooo 

oooooooooo 


ooooooooo 

ooooooooo 


ooooooooo 

ooooooooo 


® a- ^ ^ o a*a a a 
oooooooooo 
oooooooooo 


aaaaaaaaa 

ooooooooo 

ooooooooo 


aaaaaaaaaa 

oooooooooo 

oooooooooo 


o^jOc»4<\jK>t\iof>‘aO' 
® o o ^ K5 a 

»or)»ofn*nK)»o»OrtfOfO»o 


K>®fv®®r..a.^^£)oa 

®f>‘®C*o«-«<\jr)>oaa 

f^f»-f»‘f*»0®®®®0® 

»0f0»0»0»0»0r^nK5rtfO 


Of^r-r-a oj®& o 

aaaaaa^»oru-^-^ 
®®®®®®®®®®® 
»0rtr0^rtf0^K)»0r)K> 


•*00'®t\ih»-<NJirh‘«® 

o^^^^®®^^vo®®a 

®Kh>r»>h>h>r*>K®®® 

K1iO»OrOfOK^(OfOrOOO 


— ®-^iToir 
c\iO®inK>o®®»oo®i/> 
aaa»oio 
»*^K>o»nfn*n»o»oto»OK>fO 


» 


<<<<<<«<<<<<< 

<<<<<«<<•«•<<<« 

<<<<<<<<<<<<< 

< < < < < 


<<<<<<<<<<<<< 


SOSS®ffi®CB®®SSOXSSS®SS(DS®S®SS®S3SSS£ 

® ® 0 ® ffi 0 ffi 0 ffi CD 0 S ® 0 0 0 0 0 0 


rg fv ca rs/ 

o o o o o 
o o o o o 

o o o o o 
® r- » S' o 
^ 


<vriii(MCM(u<V(VCw<v<v(voj(vcv<v«v<MevcrfCVCM<v<v:v<vcM(Vcwcw<v(V(v«ycw(v<v<\((\f 

OOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO O O 000009000000000000 


ev cv fv (V 
o o o o 
o o o o 

4 4 4 4 

o o o o 
O' o fy 
o o o 
-« (\j CM ry 


<v fv <v <v 
o o o o o 
o o o o o 

♦ 4 4 4 4 

o o o o o 
•o a ^ 
o o o o o 
oj ry rg cj ry 


<v <v ry fw 
o o o o 
o o o o 

4 4 4 4 

o o o o 
® a o -- 
o o 

fy ry rg fy 


207 



FIGURE F41 
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FIGURE F42 
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SUMMOPY of THPUSIEU firing times 
NEGAIIV t ON TIME lOICATES -VE THRUST SEQUENCE 


FIGURE F43 
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IX. F. 2, Roll Axis VRCS Disturbance Responses 
Figures F44 - F61 
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FIGURE F45 
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FIGURE F46 
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FIGURE F49 
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FIGURE F50 
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IX. F. 3. Pitch Axis VRCS Disturbance Responses 
Figures F62 - FI 00 

c 

\ 


230 



PLOT OF TORQUE VERSUS TIME 


9 


f 9 


FIGURE F62 


3000000000000000000000000000000000000000000000 

oooooooooooooooooooooooooooooooooooooooooooooo 

O^^OO9<V^4/)^^«^(0^CSI(^9O9l0f^r»K0'C0ffi«£«0C\}r^O.3^«NO^OL0^CV(n9fOC\I(C9K) 

I 1 1 I I I f 1 1 • • 9 vi I II r I * * r r * * * * r r r r * * 


< 

> o 
o 
z o 

Z) ♦ 

z « 


V) 

•M 

X 

I 



« 




UJ 

^ o 
< o 
> o 


Ul 

> 

z 

u 


X n 


2 • 
•- • 


cwc^ew(V<wcwcvcwcvcv9^cvcv<^cw(V«vcM9M(^MCvtvM<^(vegMcgrMcgcv(^eM9MOi(vc\irvcvc^(V(M<^Oi 

ooooooooooooooooooooooooooooooooooooooooooooo 

000000000000000000000000000000000090000990000 


uJCg^<0OOM.^<P9OO<V 9--C «9Cg9^a>SC^9’OOOCV9«aOCW^<AS9C^tf<O09(^^^OO 
zoooo« 4 « 4 ^« 4 ^oie^cvcwcy^^^^n ^99 99 ^iAtf>tntf)/)«p«c<£^ar^f^f^r^r»^ooaao(^ 

>«9009a0000000900999000309a0900090S090000990090 




— t — 


231 



Vi i.'. 


FIGURE F63 





ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOeOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOSOOOO 
^o«<(ioio«c« 4 r>tscN<tr)oo^^ 4 fiir>Q c^(^oir>iONf^O'tM«c<N)co«Hio a ^ ^ cc ^ o o ro — < 

II II I I 1 1 I I * r * r r 1 1 1 i i i i i § i i r i * * r * 



<w<Vfw<v<v<v<vfv<vcv<vfwfWfw<vojfW(Vfw<v<v<M<vcarw<^c^fNicvfw<vfvoi«v<v(v<v<v<vfVfvojfWfvcvfVf\;fv<vr\ifVfVfN/rwfVf\inj 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

O O 0000000000000900000000C990909000000000000009009090000000 


9 . 9 k 9 • 9 .ooooo-«•«« 4 • 4 • 4 (v(^cv(^cv^f^ 1 ^o^ 9 ^ 99 ^ 9 ^mln;ntf)(r)<D^ooo>o^•r^^*■^«^<‘Q 00 O 09 ' 9 ^^ 9 ' 9 'O 9 ^ 

OQOOQO0OOA4>O<O000O0OOOO0000000QOOO0090OOO9<DSO9O0<O90O0OCOO090 



I 


I 


( 


FIGURE F64 

C 


'^0«4 O 0«H«400 ^ — >4 ^ O O O O 

OODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOeOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOD'OOOOOOOOOOOOOOOOOOOOO 

1141^11 III 

^%C)b>«£OKC'tn^o<sj<wf^K)r>^«o>9'.9‘0'0'Q)oa)oinoio o> <v •^oo'c\j-Hoo*oif^oO'^if>r^»fivDO'0^-Hir>»oO'CDK>(Mec 

II I I 1 1 1 I I * * I * r r "* * * r ^ I * • ^ i § i ■ i • * * *^ * ^ r r r r * r * * * * r r * * r * 



(^(Vrgcyrgf^ryrgrg 

ooooooooo 

0000C90000 


^aDON 9 <OOOOI 

cgoj(>arvr\jrg:^r^rv 
CQ 09 


«^(^N<g(yc^rucv(ycv(^<v<w<wcvcy<yc^Mcwr4<><McgMn<cg<v(^fg(^ 

OOOOOOOO 0-0 OOOOOOOOOOOOGOOOOOOOO 
OGGOOOOOGOOO'OOGOOOOGOOOOOOOOGGO 


^«D 9 OCg 9 OOO(^^A 9 O<V^< 6 OOM. 9 « 0 AG<V 9 >OAO(V^ 
^iO»nrf»<o^' 0 »o«c*o»or«*r-r^K.r^®jo® 
ojc^<wevojCM(^fgo4CNjrw<v(vrucw<v«wty(M(ve\jc>««gc^c>jcsif^cvrgojrM 
9 9 9999999009 O 999000090990999999 


ru<^c^{^cMrgrg(M(^rorg<vc>i 04 Cg(\irg 

ooooooooooooooooo 

09090900000000000 


090 (Utf 990 C^tf 990 C^ 9>>00 

999 . 9 ^ 9 > 9 .^ 0 OOOO« 4 « 4 **«^^ 

caryfvrgrgc^rg^OK^oO'OO^O^^ 

09900999999909909 


« 


• I I • 




« 


233 



J 2 U 








FIGURE F65 

c 


ooooooooooooooooooo 
ooooooooooooooooooo 
I -r I I I I i I I 1 I I I I I I I 

ip-««^to^t\j^roc>a'tniDin o if> cm 

co^> 

^ 09 (M^fi^»crKCMr^o«fo» 4 aocMO«o 

r^^iDCMtM— ^ cm »o sO 

t I * I I i I I t I I I * • I 


O'fM W O ^ 

OOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooo 

<Ma'^»Of**r***HocMa'»oa'K^if)*n\D:ja-r 5 

^« 4 tn* 4 fO«o«o^r^O' 0 » 4 if)^«otf>(oocM 

I r * I 1 1 r r • * 


^ ^ ^ ^ ^ ^ ^ ^ ^ «H ^ CM ^ ^ ^ 

ooooooooooooooooooo 
ooooooooooooooooooo 
I I I I I I 1 I I I I I I I I I I I I 

lTO-H®vD» 0 <M<DfM^irirr^NOK 53 -f**CMr^ 

0 'tf«H 9 f'»* 4 «£)o®oo'eom®(Mino^ 

t..^^pvcgw^a'»OCMa‘-^tf^»Oa^\OND-^P^- 


I II I I I I I I I 






CMCM<MCM<V<VCMeM<M<M<MCV<M<VCMCMCMCMCVtMCM<MfMCMCMCMeM<MCMCM<MCMCMCMrMCMCM<M(MCM<V<MCMCM<V<VCM<MCMCMCVCM<VCVCVCVCV 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


cm^«so;m»«oocm^iOoocm»<x>® 

9 9 9 » iO iT> X> ^ 

*oojoo»or>^^«»ooi»>o«o^^^om 

^9 CO ^9 ^9 ^9 ^9 ^9 ^9 ^9 ^9 tO ^9 ^9 ^9 ^9 


OCM9 «OOCM» ^OOCM9^SOOIcr <0® 
® ^9 ^9 O ® O ® ® ® ® ® CO ® ® O ® ® ® ® O 


0 (M 7 ®®OCMar®®OCM»-OSOOi 

OOOOOvC-hm-mv^CMCMCMCMCM*)^ 

99999999999999999 

OcDP 3 CD®OO®®®®OC 0 ®O®® 



234 


i »*002 


FIGURE F66 

C 


oooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooo 
II i>«-i 1^11 I III I -t i I'^i 14-^tiiiii 
•'K>*OK)*H«co'C®^.^inor)eoof^r^ Oin^O'K>»o®K©‘Ai 
if)«i 4 r*>. 9 'or^®«otn®o(oocDO';f 

w »-• 3 <Nj ^ iD in f\j ^ O' ^ ^ c\j'^cu»n^^^<\j«Hinin^o^o 


I I 1 I I 1 I III! I I 


oooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooo 

lllll l'«>ll l-fll^l>«>l<*>ll I I l>*-lll II 

^r«‘*^oO'>^msn®f\io®r^*n^O'^®r^«*o®cyr, ooo*niT. 

«D* 40 'Our>®^®(\Jin(Ni®f*> 9 'in>oiooo'K> 0 '(\}^ 9 '* 49 rw ^oo 

f*‘®oof*K) 0 '<vtn»H^fwo»o*n»oooin®»oN-«^oorwm\oc 


11 till III till I t I 



rwfvcwf^cwc^?^<Nc^«NJf^<vrwrurgfNirvc^f\j<Vf^<^cvrs»f^«M<v<vj<^f^fv<cxf^^fVJ<MfNJf'^^cV(^ru«^fVfVC^(Vf^(\<<vr\<fNJfVfNJf>j<>J 

ooooooooooooooooooooooooooooooooooooooooooooooooooocoooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

^SOC\l 9 ^®OOrW 9 ®SOrW 9 ^XSO(y. 9 . 0 SO(^^i 0 OOCW 9 ^^®OC^ 7 ®®O(^. 9 ^SOf^^£SOrM 9 £®O?M. 9 £ 

®®®® 9 ®®®®®®®®® 0 ®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®® 




235 


001 



BbXB^OOZ 



FIGURE F67 

C 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO'OOOOOOOOO 

ooodoooooooooooooooooooooooooooooooooooodoooooooooodoooo 

III I I I I 1 II I I I I II I III I III 


« 



« 


rgt^j^fVf>i<wwfWfwfytv<v<M«%»fvr^«>irvtv<vcv<w?si<ytMcv<v<vfv«wcvfv<v<M<v<M<v<Vfw<v?v<v<v<v<v<Wfv<v<w<v<VA;<v^fWfv» 

•oooooooooooooooooooooooooooooooooooo_oooooooooooooooooooo 

00030000000000003030000000000000^00000003000000003300003 

♦ ♦♦ 

orw^£Oorw.^4D£0?w;r^oorv;r^9orv^^oo(^9^oorw9^son«^<ox>3fg^>£>3>ofV9 000(M^<£SO 
^ «-> ^ X. -n J“. O -'i ^ ^ .-) /> Xi J W O O O C a i ^ O W X C O 3 O ^ -O ^ W D O .0 -£» £> o £ O £ 

ooooooooooooooooocooocooooooooososaooooooooooosoooov®®®®®®®® 




I 


236 


001 



U02 


FIGURE F68 



C 


ooooooooooooooooooo 

ooooooooooooooocooo 

•*- I ♦ I I I 1 I I I 1 I *«> I I 4 

®-^oo®o^or*'inK5iooocC'^ff'i/^ 


I I I I I I I I I II 


ooooooooooooooo oooo 
ooooooooooooooooooo 

r>«cu«-^o^®ooin®®0'^CT'0' »03-fw?s. 
»o^®tn^*o®wor«-oa’^^ofNj^^»H 
(Nj^r^o®<Mir>^«*«ocMif)(Mio^ *o«c® a- 


II III III 


oooooooooooooooooo 

oooooooooooooooooo 

Illlllllllll4-|||<f^| 

sD®^tf>»^O>0irC\)3'<\J^U1CMf»» JO\0»b 
a'00'r“0®®\0f*‘0r*-®r^if5^^of^ir 
«Doe9'-3’0(NjO'99®ir>ocro%oo^r> 

I I I I III I 



cjoj(VOJOjrMCMrM(g(^<^cgojMc>j(^MCM<v(^evcv(vrvfg(veM(M(y(^fwojMfUNcgru(VfwrMoj(W(V(M(M<>Jcv(MrgrMrgrw(Mrgr>jcu 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

N 9 <£-9^ T4 a 990 900CW9 990CV.7 999019 990 Cg 9 9-9 0 019 990rw9 990019 9900J9 990 OJ9 

45^^^r>»r^f».*%.f»,.®®tco®5'9’0^^ooooo^»^»<«-*-^rvtVf\;ryrv^^O"0*09 99^9»ninu^.r)j^90999f*"^“f*' 

99999 99 99999 ' 9999999 ^f^r^^'^'^o»^r-^*«*f^r«**s.f>fcr«»f<i»r.**.Kfcr*fcf«»^p«»>«-r*»“«*f«»r»-r«*r«^f>».h».^»r«»f>«»f«»r» 

^099099999999090099999999999999909 99909099999999999999999 


I I I I t I I I I I • ' • I ) I • > ' ' I 


237 


002 


a 77 b «002 


'fcrcttiitfiti,! 


FIGURE F69 

c 


oooooooooooooo 

OOOOOOOOOOOOOO 
tninr*‘tf^oj«omfs, O' ^ 9 ^ 

OD 9 9 ^ ■9’OOwOfO^ 

^ M M eg 

I I * r I* * * * * r * 


000000000000000 
000000000000 000 

&'^fnoa' 0 ^ocj®\£)f^oo«M 

sOsDoin<cr*>^K 5 u^fur--c?‘®^f*“ 

^ 3 -in^f«-<M»^knK>otncoesi«^® 

. . . • • • « • • • 


OOOOOOOOOOOOOO 

oooooooooooooo 

t i I I **’ I I I 1 I i I I I 

tf 5 ^\D*'^ 0 *^lF^ir>sDh»Oh- 70 f\j 

®^ furu^caor«-r^ Oh» ocmn 
^O^^CO^ mfOOOO'OOOfO 
®fw 3 ^*-»^j^cgcgCNjru*Ov£^ 

r r * I III 


0000000000000 

0000000000000 

I I I I 1 >f ♦ I I I 1 I I I 

Si 9 r^\Ddf ^3 9 9 \DOiC \:9 9 
(\19 9 ^D 9 ^ 0 '£> 0 ^t'^OJCSi>CCC 
f*.^OC^^OO•<<^(vClOOO^O^OO 

II III I II 



MfU(V<M(W(M?gcM(V(w(MM<w<vrMM(Nrg(vrvcM(Mr>4rycy:gra(weyr>4rNi(^o<c^^(M^Moj(NievfVOJ(V<v(M(vrgrgM(V(>jev(M<Mtg 
O o O O O O'O -O OOOOOOOO'OOOO 00000000 00 O 000 0-0 oooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
9 OM^^OOCV 9 ^OO(W 9 ^OOCy 9 i)SOC\l 7 <d 0 'OtV^'£aO?^^< 0 SO(g 9 i)SOCy 9 ^<£ 8 >O(V^<CS>OrU^^S 

^‘oaoo09'7'7'7'ff' ooooo«^*4«4w«4rwoirvcvrv*noo^o7 999 9 xi a 

•«*r«,f»f*.f.*p^f...e.>r>-r»'^®oxa*aoo®o®ooooooo®xao®ao®o®oa*o®a® 3 ®aaoaxxso 

ooxxxaoooxxoxxxoxooooooxxxxxooooxosioooocosooooxscoxx®®®®®® 

< ( ((tiCi««i <<<« < «««••• 

238 -■ 


001 



H<»0 


♦ * ♦ > • * • < • t I '» * I I « I ( ( I 


FIGURE F70 

C 


OOOOOOOOOOOOOOOOOOO 

cooooocoooooooooooo 

CTsOrj-^COOr^iTlf^OO^^tOC' 

(•Hsomf'-O' <M iT ^ 


I III I I I I I 


OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

4* I I •*> I I I I .1 I I I I I I I I ^ I 

«4.^(^in^ootnfOc^9'«Atf^‘^o>i>0(^cv 

I II II II 


OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

liliilt>4iifiiiiiiii 

ooco»of\j3--^^0'OfM(\)®o^a'jr)^f«“ 

CNJ O' ® a- o o r- O' oh- ® 


I I I I I I 1 I I I I I 



fNJcvjrgfvrgfNjc\jrgf\jf\icv?>Jc^r'rffypgf>jrgrg«\ifv<\»fNjfvcv<vfvfVfN<r\irgrgcvrs*fNjoj(>jrgrvPWcgrgcNjfvf'J<Nirurgcvcg(V(>jrgrgf\jrjf>j 

900000000000000000000000000000000000000000000000000000000 

000000000000000000000000000000000000000000000000000090000 


^^?'3'00000-^ 

OOOOO'O'T'^yy' 

^0000909000 


Dl;7-009?va-000fv^ 

•4^M»«njrMrgrsie\j^^n 

oxoooooooooo 


ooofg.aooofytf o 

00000990000 


ooNaoooMaooo 

000900099000 


cvaoooryaooorg 

OOOO^^'O'O'y'OO 

0000000009 ' 9 ' 




* « % I 


239 



I . . r r r f r . e , • r < 


FIGURE F71 

C‘ 


ooooooooooooooooooo 

ooooooooooooooooooo 

0 <^ 0 <-> 9 'tf' 000 'r)tn^^iDC O O' nD 

^ f\j j 

* I \ I * * * I * * r 


OOOOOOOOOOOOOOOOOOO 

ooooooooo ooo oooooo o 

<sj»fi*K®oj^®®»nif>(vfNJr^fOioO'C0fO3' 

j ®csi(M>cfO«or»fO 0 rj 


I I I t I • I i i I I I t I 


^^OO* 4 - 4 O 0 - 40 ^wc 0 m«m«m ^0 

ooooooooooooooooooo 

ooooooooooooooooooo 

I fl !♦ 

K>^®^» 0 ®®^ 0 'f*‘in®Oe 0 * 3 ‘O^fM 

^•^tfO 0 ®^«>^oo^oO'in(\) 0 O'®r<^«M 


III I I I I I I I I I I 


# 



♦ ♦ 


• (v(^(^<V(V(^rw<vcw?vf^(yr\fcvNfV(wnjoj(^c>tevrv(vtgr^fv<^<^(VNr\i(^oJNcvc>jc>jCM(M(si(V(vrg(><oi(Mrgrg;yt^(vrg(Sjcg(Nj(v 
OOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOO 00009 'OOOOdOOOOOOOOOOOOOOOOOOOOOOOO 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦»♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
9^®Org^O®O^9O£OeV9OSO(^9iO®OC^^O0O(y^0SDO(Vtf^0O(\)tfO0O^J^OSOCM^O0O^4^O 

oooooooooooooooooooooooooooooooooooooooooooooooo — 


«. '. V. V. V., * • V V. ' • V 


240 


JB«002 



OOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOS 

ircM9'^h>vor>'9'^^ccc\:>4N'^ 

^OOn0J«Hr)f>^«i4O«0OO«0C^f^S0J0'9'^<VC0^^^a^^*0*4O^foOtCir>i£^tf)0CC>^0JK)h^t0(0O*4(ViSOOO^9ir> 

«00'»0P0^CDK^QD®C'f*'^f^wOC'^^C'0'»'50JOOOC'r>-^a‘v0^^^(\J<SJ\0CM0'K^^^0®a'^a^f^»Oin»H©0'\Df0C\J^m*O 

It I 1 1 1 1 1 1 I • 1 1 III I I I 1 1 I * III* I r * * r I * * r 


\ 



<vr\i(gc^<^rw(N}(^rg(V(V(\tr^<VN<sr^(V(V(V<vcvftf<v<vc^(\ir^(vrw(vrwrgrvr^c^rw(vrMc^cwcvoj(\i(V(M(MC\j«NjfV(M(vcvcgojfM 
00 0 0 ^ 0009009 ^ 0000^0090009090 00000000000000000000000000000 
0009^00909990909000009990990 9'9 90090000009090900900909009 

9rg^9®0:^a’9tD9e^9£99<M9<099(^9999rM9<£>99N9 9a9(^^<d99^^'X)S9^J9^SOC><^099 


241 



92JZ*U02 


FIGURE F73 




oooooooooooooo 

oooooooooooooo 

I r^CvlCT'O-^ffi^CmO'^ 

I tOsOCsjffif'iOO^OC-HsDO*^® 

I ir>®vDr* 


I I I I I I I It I 


ooooooooooooooooo o o oo 

OOOOOOOOOOOOOOOOOOOOO 
II I I I I I • I II !♦ 

tn CO oo ^inr)oifta->D^in^®oc\joO' 3 - 

O n CM Ov Qk o -^» O ® O O O 9 ^ O 9 fO o> ^ 
»o s ^ ^ « CO ® O' 


I II I I I I I 1 I 


OOOOOOOOOOOOOOOOOOOOO 

ooooo ooooooocooooooc o 

lll••'llltlll^4-lllllllll 

®^*oo'fN<dO'oa'®^^-<incvvD^if>ircNjo« 

fSJir>lT3’*0^K^®Of^l0h-O^OO*0;yC\}O3-»n 

®O^*4«H(^9kO0'9»>«K)K)(VKK)®9^®®^ 


I I I 1 I I I I I I III I II 



<v<vrw<v<v^<vcv«v<vev(v(v<v(v<v(v(v<vcy<v<v<v«vcv«v«v«v^<v(v(w0fcv<vfvrv<v(v(vfw<w<v?v<v<\icv«vn;0irv<v<v<v<v(v 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-O OOOOOOOOOOOOOOOOOOOOO 

9 .COOrg^^OOCV.^ ASOni^ «®0<^.9 ®0 0.(M7 ®0 Oi 9 -D 9 S t>i 9 ^ SOM^ ^SO rutf 

-^-^-<.'VPwrwrvPw»>‘00*n'0.^^^ 

rvtNjrvf^?W£NjJ^J^^vf'J?^jyrg:^N.‘Vfv?>j?M.NcvwTVfy<^c^cwc^rvrwrv.*vryoor>«^«^^*o^*^oooo^^o*ooooo*o^ 


V V V.CVWVV V VV.V 


V 


V V \ 


f 


242 


002 



9J4b»002 


I 




FIGURE F74 

\ 


ooooooooooooooooooo 

ooooooooooooooooooo 

O^vMr-.s^fOO'^AO'CUsC^CMlOfOr^CNJ^OO' 


t I II II I I I I I II 


•NOO*4«4«4«4^^<M^O«>4O(M^^f0O 

ooooooooooooooooooo 

ooooooooooooooooooo 

|4-4>|il||l||t>|4^llll<«- 

sOo<^o^^oo»oty'in^o-^*jDor**»^»o 

K)»noaDtns0f^mo<\jo3^^^sj&'O^oo 

r I 1 1 I I I I i I I I 


ooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOO 
I I I I4’4^l 1‘4'l^llt 

wm^tDoow^ oirto^ui ^ ^ ir. 

CD-^O0'(0(0t0l0®CWlf>O®h^®r0ON-ir) 

mootnoc\}f<^oo^oo®*4(Qro.to^® 

II I I I I II 



fvirvfU<^pgf^CNjrgf>;cyf>jrgrwrucjfvrwrg(\»cvc^fvfV«vfW<><'^fvr^rgrgracurgtvrgtv<Nirufyrwcvfvojoj<vr\jrgrgrijcyc\»rg'\jfNJ'\i 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

00(^9 AOorgtf ®oorw9 ®OOf ^9 ®SOOJ9 ASO(^ ^ <0 ® o-tM ®0ory.9®00(NJ S-O s o rsj .7 ® o 




243 



9 U 60 


{ i t ( r r r ^ f - f 


FIGURE F75 

C 


ooooooooooooooooooooo 

ooooooooooooooooooooo 

•^llll^tlllll^ll^lllll 

9'^«co«£)^csteoK^^fi^cM«>ta>oo<\icocMO' 


I I I III 




ojnjrgryrwrvjrjrgrgr\jrgrgojrgcvrgcjOJ<Mrgcv 

ooooooooooooooooooooo 

ooooooooooooooooooooo 


gooorgo <oxor49-®ooc^9<ooo 

r ^;7 s 33 S 3 aaa 3 S 3999 ^ 3 S\ 



244 



CURVE 'A' IS A PLOT OF BASE VERSUS TIME 




FIGURE F76 


ooooooooooooooooooooooooooooooooooooooooooo 
Q.OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCO 
i I I 1 i I I f f I I I I I t I • I f I I I I I I I I i I I I I I I I I I I I I I I I 

>»oa)otf^a^9'9'a>tf««OAh>.9iA*HCMCN)sDif)omo90t/^^oa'tfoir>ir)incNi.3‘«ocvj^CMcs)vC 



UJ 

z> 


X o 
3 I 


X 9 
< ^ 

X • 


i I I I I i I I I I I I I I I I I I I I I I I I I I I I I I I . I I I 


D OD CD 

CD S 

m CD CD CD 

OD 

a> 


o 


CD 


CD 


o < < < < 

(D < « < 

CD < < « 

(D < < « 

CD CCt < < < 


UJ 

I 


UJ 

X 


c < < « c 

<C<<<<<<<< 

c 

(T 


in 

in 

d: 

UJ 


s 


CD 


a 

< 

m 


UJ 

-J 

< o 
> o 
I 

X CD 
D O 
X — 
pO 


uJ I 

» X 

X 
D 
u 


cgPargcgrgfvf>JOj 

-OOOOOOOO 

30000000 


(V<VfVCVCV«M(^rg M 
OOOOOOOO o 
OOOOOOOOO 


rvcgcgoijc^r^rurgoj 

OOOOOOOOO 

OOOOOOOOO 


rgrwcj{vr< 40 jrgcv 

OOOOOOOO 

OOOOOOOO 


rg(Njojfvrg<v<NjrsiM 

OOOOOOOOO 

OOOOOOOOO 


^?V^OSO(V^^90eW9^S>OVW.9^.DSO«^9.AOOCV^.DOOfW9tOOOCV^^SOcy.»0 
X OOOO — 9 99 9 Xt ^ in Xt 

••ooooooooooooooooooooooooooooooooooooooooooo 
^900000000000®®®% ®®®®®o®ooso®®o®®®®®®®®®®®®® 


V' L' L< W 


W .«• «» W w V 


I* W V 


245 





FIGURE F77 


■ ) 


C 


OoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOCOftOOO 

Qooooooeooooooooooooooooooooooooooooooooooooooooooocooooo 

1 I I, I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I 1 

oo'>DO'»oh*<or^oc‘«Hir)a'^«-«^f»\Dirtr**»Hotn3^^3‘coeoo*»D*^»fi^<.oooh“-^<\i®®a-ir>a'a-0's03-»cc\i^-^^Qcoa' 

I I t 1 I I I I I I I I i I I I I 1 I I I I f I I I I I I I I I I I I I I I I I I I I I I I I 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOCO^OOO 

I I 1 1 I I I ( 1 I 1 I I I I 1 I I I I I I I I • I I I I I * I I 1 I I I I I I I t I i I I I I I I I I I I I I I 

i^u^tniria^^a'^^*ort^r)»o^<^tf^»<M<\»^\j<vcvcv<\i^«-«»<-^Nfwc^c\)p«cycuK>r)r^»OfOfOtoK>»o»orOfOfOro*o»oiOfnO'0»o 

I I I I I I I I 1 I 1 1 I 1 1 1 1 f 1 1 1* r I r 1 1 1 • 1 1 1 1 1 1 1 1 1 1 I I 1 1 I 1 1 I I I I r I I I r r r r 




oj(V(vrgcgcvoj(WOj(VcgrgojCMfgcv(vrvcv(^rwcv(v<^cw(V<vr4f>JOJ(Mrg<vcv<V(^(^<V(Vnjojoj(MM(Vr>icvNcv(\j<MrvM(Nj<Nt^^ 

00000000000000000000000000000000000000000000900000000000 

OOOOOOOOOOOO'OOOOOOOOOOOOOOOOOO-OOOOOOOOOOOOOOOOOOOOOOOOOO 

0ry^^0Of^^^9OrW^£00N^^3>0r^7^OO«V^^O0(V9.fiOOfg9^0OCWa^SOCU'9^OO0J9^^S0 

00000«*-i*-*»«— 

99900900000090099999000099900000090909090090®®®®®®®®®®®® 


k » I % l » * owe 


246 


fCST 



FIGURE F78 






ooocooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I I I I I I I I I I I I I 1 I I I I I 1 I I I I I I I I I I I I I I I I I I I I I t I I I t I I I I I I I I I I I 


1 

1 1 

1 r 1 1 

1 1 1 1 1 1 

,* 

1 1 1 

1 1 

1 1 1 

1 1 1 1 1 1 • 1 

■• • 

• 

^ • 

• 

• 

• • • • 

1 

1 1 

1 1 

,• 

1 

1 

1 


1 

I 

1 

t 

1 

<g 

(g (V (g (g (g <g 

eg eg eg eg eg eg 

eg 

eg eg eg 

eg eg 

eg eg eg 

egegegegegegegegeg 

eg eg 

eg 

eg eg 

eg 

eg 

eg eg eg eg 

eg 

eg eg 

eg eg 

eg 

eg eg 

eg eg 

eg 

eg 

eg 



o 

o o 

o o o o 

o o o o o o 

o 

ooo 

o o 

ooo 

ooooooooo 

o o 

o 

ooo 

o 

o o o o 

o 

o o 

o o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

O 

o 

o o 

o o o o 

OOOOOO 

o 

ooo 

o o 

ooo 

ooooooooo 

o o 

o 

o o 

o 

o 

o o o o 

o 

o o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 



i 

1 1 

1111 

• 1 1 1 1 1 

1 

1 1 1 

1 1 

1 1 1 

1 1 1 1 1 i 1 1 1 

1 1 

1 

1 1 

1 

1 

1 1 1 1 

1 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

eg 

® 0 

o O' ^ ^ 


9 ® 

O' 0'<^ 

o®0f»>®oego9 

o o ® 

9 ® 

Ov ® 

eg 9 ^ 0 


® -4 

O 9 f'- 

eg 

9 



0 

9 


o 


rg 9 

®f'>o0oiof'-0for^ 

o 

® ^ ® 0 ® 

0 eg 

Of»OO^0«g^9O'9 


O 

9 

o o C' 9 

9 

^ eg ® K 



9 

K> 


eg eg 

eg ® 

ooo 

f'*®®099rt»o»oegeg 

O 9 O 

o ® ® 

®r''>r>®09990r>9 

9 

900®f>‘K®9 

O 

o o (^ ® ® r<^ 


fw 

® 0 

9 

9 

eg 

K> 

eg eg 

eg eg eg eg 

eg eg eg eg eg eg 

eg 

eg eg eg 


^ 

^ ^ ^ ^ ^ ^ 

*4 





^ ^ M 

eg 

eg eg 








*• 




1 

Ji^ 1 

1 1 1 1 

^ M M 

/ 1 1 l' 1 l' 

1 

M 

1 1 1 

1 r 

1 1 1 
M M W 

1 1 1 1 1 1 1 1 1 

1 1 

1 

1 1 

1 

1 

JL JL J. JL 

I 

1 1 
M M 

1 1 

i 

1 

1 

1 

I 

1 

1 

1 

1 

1 


(S CD CD CS 

CS CD CS 

GD 


0 

<0 0 0 4 

<<<<<0<<<<<«<0 <<<<<<<<<4 <<<<<00<<<<< 

<<<<<<<<<<<<< 0 <00 
. < < < 0 0 0 0 

0 0 0 
0 0 0 

0 

3 0 0 0 


o o 


0 0 0 

0 O 0 

0 0 
0 


0 0 0 
0 
CD 


O 


ooooooooooo 

00990300000 


(VCMCNJOITVCMCgCWNCWCW 
OOOOOO oo ooo 
ooooooooooo 


c\jrw(^cv^tvcvcvNniorf(v 

oooooooooooo 

oooooooooooo 


CWCWCVNCM<Vr^CgCVC^(MCV 

oooooooooooo 

oooooooooooo 


CM(Nif>jr^CM(MNCV<V(M<^ 

ooooooooooo 

ooooooooooo 


(SI 9 ^ 9 o rg » 
0 0 0 9- — -* 
rsi % -SI M ■>! 

0X00090 


O O O (SI 9 O O 
«i« (V (V cv (V (V 
rsi (g rsi M CM % (g 

o o o o o o o 


o<g909ocg9 

rgrsioirgegiVM'g 
ooooo oco 


o o o <g 9 ^ o 

9 9 «/> ./> 

:g (SI M rw <g jg rv 
o o o o o o o 


o eg 9 o o o (g 
9 ^ 43 O ^ ^ ^ 
r*i (V :g M !g rg rg 
o o o o o o o 


9 <o o o eg 9 tO 

® » O ® 
eg <g rg fw rj <g :g 
® ® O ® O 9 ® 


o o eg 9 o o o 

* 9* 9* CT* 9* 9 O 
pv tg rg eg r« ."g *o 
o ® o o o o o 


(g 9 o o o rg 9 
o o o o ^ 

*o "O «o o *o 

o O ® O O c o 








^ ^ ^ ^ 


J 


} 


247 



f 


f 


FIGURE F79 


ooooooooooooooooooooocooooo 

ooooooooooooooooooooooooooo 

I I I I I I I I I I I I I 1 I t I I I I I I I I I I I 

•Hvof^in<sjf^'oe\»a>ocoa’r^%DO'fvo«^<otMor>t«-otf)m 

r^\O«Hocc0ocDom<K>ifiif>«c<cr*>^«^o«o«4«^<v«oio^^ 


ooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooo 

flllllllllfllllltfllllllllt 

lfi»^^«Mt«-0<M5ff^«\J^f-tf)0®«<MO^^OCV»OlOOOtf> 

oo*^K)»n^r^f^^03>®a‘«^rt^»ooo 
<gcortwr) aa «o oj a »or-<Da'*H—*-^^wfsi 


<V €M 

CMCMCMCMCVCMCVCMCMCMCMCMCM 

CM CM 

CM CM 

CM CM 

CM 


CM 

CM CM 


o o 

O O 

o o o o o 

coo 

o o o 

O o 

o 

o 

o o 

o 

o 

C 

o 

o 

c 

o o o 

o o 

O O 

o o o o o 

o o o 

o o c 

o o 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o o o 

a o 

•*4 o 

O CM «b 

b fO O' 

N ih 

O ffi 

r- 

o 

CM fO 

i 

sD 

ffi 

cr 

ffi 



—« a 

^ a 

r- h- ® o 

•H ru CM 

CD «D ffi 

ffi o 

a 


ffi ^ 

fO 

O' 

f'- 

ffi 


o 

O' CM f'' 

O CM 

CM 'O 

O' O «D O 

CM If) CM 

a a 

a »o ffi a 

CM C 

a 


O' 

ffi 


ffi 

O O' o 

O' f'- 

O' ® CM m O' 

® fs. 

CD h> ffi ffi 

to 

CM 

fo 

CM 

CM 


fO 


a 

CM O' CM 


I I I I I I I III 

<\jfMf\jf\tcjeM<\jcotNj('j(\if*o(M<Njru<Njcvc\jrocij<Nj CijeMrofs)f\j c\jcsjc\j<\! 

oooooooooooooooooooooooooooooo 

ooooooooeooooooooooooooooooooo 

I t I I • I I I I I I I I I I i I I I I I I I I I I J I I I 

ir>xp*-oc\jfn^o^^ 

<\j»HO'Ovinm<Nja*^»^cwcuioinr*>-^csjoLne\jmr*-po^m*H-^-^oo 
•40jc\inaaaair>®K®9^o«4f0air>ma^a »oK>K>cMtvw<\»c\»f\j 
MC\JfUC\|<\JC\ie^CNJ0JCWWC\iCg»OK>*OfO»OiOK)»O»OK>»OrO»0*OFO'n»O 


I 


1 I I 1 I I I I I I I 

ffi 

ffi 

ffi CD 
CD S 


I 


ffi m 


CD CD ® 
CO 


• «•«•••••• 4$ ^ ^ 4 <[£ «S M *• •• •• •• •• •• 

<<< <<<<< 

< < <t <I < c 

o 


<<<<<<<<<’ 


ffi s 
ffi ffi 

CD iO 


CD X 

m 

ffi 

(D CC 

<<<<«< (E <<<<<<< 

<<Ztf<CD<< (S 


C 

O 


I 


ffi 

ffi 


ffi 


ffi 


I 

) 

I 

I 


fvjrjcMfv<vf\irsipgpgcMf^f>j<>jryc\»pgf\jfVrge^f^fg?v<vrgfgrgcgcgodcjcg«xtNf^«>JtNJCNj«\»«Njc><fVPgrgf^rwcsj(\»fUPargogrgrgrgf\jrg 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo o o oooooooooooo ooooooooo 

£So(va^ooNa^oo(va«Offio(^ai090(va^oorga«ooor^a<ooo<wa^coocwa<offio<vaxoo(va<Dffi 
rw CM CM'CM-CM •^■^^'O'Oa a aaa ir)i0irJX)tf>'D>0’0'COr-f*-f^f*“rv®®ffio©D'^a*D^^oooo o^«««^» 4 «-«cg(MCMCMCM 
w)^^^^v>->«^tf^«oo<oo-ooo<oo*^o<oo<n ^‘00*n^^«o^o»^»0'0‘0'000»0'00<oa a a a aa a a a a a a a a a 
OffiOOOOOOffiOffiffiOOCDOffiOOOffiOOffiOOOOO 0*0 90®®®Sa®®(OffiCO<DOOffi®aD®ffiffiOOO<SO 


< 


i 


C t C 1, * 


* 


♦ c * 


« * s « « » 


248 


FIGURE F80 


oooocoooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooccooooo 

I I I t I I I I I I I I I I I I I I I I I I I i • I I a I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

m<ir\jinf*-r**f\J^cD<Ni®^^'Of'J»ooO'irtOsOco>DiD*Offirg®(\jo»cr^fO*Cif>if)r*-o^rs-©{CsD®oif)»^fv*ococC‘tv«-^momcccc 


CM CM 

1 

CM 

1 

CM 

1 

CM CM 

1 1 
CM CM 

1 1 
CM CM 

1 

CM 

1 1 

CM CM CM 

CM CM 

I 

CMCMCMCMCMCMCMCMCMCM 

1 1 

CM CM CM CM 

CM 

1 

CM CM 

1 

CM 

1 1 1 

CM CM CM 

a r r 

CM CM CM 

1 t 1 

1 

1 

CM 

1 

CM 

1 

CM 

1 1 1 

1 I 

CM CM 

1 

CM CM 

1 

CM 

1 

CM 

1 

CM 

o o 

O 

O 

O O 

o o 

o o 

O 

O 

O 

o 

O 

o 

O 

o 

o o o o 

o o 

o o 

O O O O 

O 

o o 

O 

O O O 

o o 

o 

O O 


O 

O 

O 

O 

O 

O o 

o o 

o o 

O 

O 

O 

o o 

o 

o 

O O 

o o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o o o o 

o o 

o o 

O O O O 

o 

o o 

o 

O O O 

o o 

o 









o o 

o o 

o 

o 

o 

1 1 

1 

1 

1 1 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

till 

1 1 

1 1 

1 1 1 1 

1 

1 1 

1 

i 1 1 

1 1 

1 

1 1 



1 


1 


1 1 

1 1 

i 1 

1 

t 

1 

o 9 

o 

o 

O 9 

O CM 

CM O 

9 


9 ^ 

9 

r- 

9 

9 

9 9 ® 

^ 9^ 

f^fOlAOCDCOfOOO 

o 

o m r*» 

>H o CM O >4 


sD fO 


to r*- 

o o 

o o 

CM O 


CM 

o 

9 — 

m 


O 9 

O if) 

O O 



o 

o 


CM 



CM 9 ^ 9 

OCMlACMOCMin^ 


CM 

9 

K O CM K K> 




9 9 



^ 9 fO O 

-H O 

o m 

^ CM 

CM CM CM 

CM ^ 

o o 

9 

9 O 

9 O 


CM *n 

9 *n o 

9 O 

o ^ 

CM CM fO 

9 

9 If) if) 

9 9 lO CM CM 

CM 










to 9 

in o h- 

K) K3 

K) 

K) 

n r> 

K) KJ 

K) #0 

CM 

CM 

CM 

CM 


*n 

fO 

fO O K> ^ ^ fO 9 

9 9 

9 9 9 9 

9 

9 9 

9 

9 9 9 

9 9 

9 

9 9 

9 

9 

9 

9 

9 

9 

9 9 

9 9 

9 9 

9 

9 

9 

1 1 

1 

1 

1 1 

1 1 

1 1 

1 

1 

1 

1 

1 


1 

1 

till 

M M M 

1 1 

1 1 

fail 

M M M M 

i 

• 1 
M M 

1 

JL ji. JL 

1 l' 

M l»4 

1 

1 t 

1 

1 

1 

1 

1 

1 

1 1 

1 1 

1 1 

1 

t 

1 


CD 


CD 

S 03 CD O} 


CD 


to 


a 

s 


m 


m 

•• •• •••• a QD •• •• 

ffi ffi 

ffi 

c to 
w 

<<«<<< <<<<<<<<<<< 
(D (C 

C 



CD CD 


(D 


< 

< < < < < 


<<<<<<<<<<S<<<<<< 


CD S 

s 

D S ffi 


< < < 
c 

s 


CD 



a. 

a G. 

<<<<<<<<<<<< 



c 


< 




c 


(MOJCVf>J<V<MCWOJ 

OOOOOOOO 

09000003 


cgf^f'Jf'jojroojfwrg 

ooooooooo 
0 0 0 0 0 0 9 0-0 


CNiojrwcgcMcytvfvra 
O O O O 0.0 0-0 o 

ooooooooo 


rvrwcMr^cvcvfvcv 
0-0 o o o o o o 
OOOOOOOO 


p»it>jpgfVcgcgev(vcM 
ooooooooo 
O O'O O O O o O O' 


(yrgrvrvc^CNjcwcvcv 

OOOOOOOOO 

ooooooooo 


oj (V (V (V rg 
o o o o o 
o o o o o 


ofg^-Doofg^ 

9 9 9 9 9 9 9 9 
009000 OO 


99004.9000 
9 9 ^ '9 tf) tO 9 
99999999 
00009000 


049900C^99 

99999999 

OOOOOOOO 


0Org9990N9 
^000009*^^ 
999999999 
^0 CD 


O O O 04 9 <0 O 
9 9 0 0 0 0 0 
9 9 JP J3 9) J3 

O 0 9 0 0 0 0 


0(V9«OOOrV9<0 

9)/39393^93-*3 9>in 
O O O O O O O 9 O 


OOfW9<DOOC^ 

»n9>939>93in939> 

00090009 


249 



II <150 


( f f f f ( 


e t e e f f r t e f 


\ 


FIGURE F81 


CO 3- 


»n 

CM CM 

CM CM 


-N CM 




CM CM 


CM 

CM 

CM CM CM CM CM CM CM 

CM CM 



«i4 


CM CM -H 



^ CM 




^4 

— 




0 0 

0000000 

0 

0 

0 0 

0 0 

0 

000 

0 

0 

0 

0 0 

0 

0 

0 

0 0 0 0 0 0 0 

0 0 

0 

0 

0 

0 0 

0 0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 0 

0 

0 

0 

0 0 

0000000 

0 

0 

0 0 

0 0 

0 

000 

0 

0 

0 

0 0 

0 

0 

0 

0 0 0 0 0 0 0 

0 0 

0 

0 

0 

0 0 

0 0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 0 

0 

0 

0 

1 1 

1 1 1 1 1 1 1 

1 

1 

1 1 

1 1 

1 

1 1 1 

1 

1 

1 

t 1 

I 

1 

C 

1 1 1 1 1 1 1 

1 1 

1 

1 

1 

1 1 

1 1 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 1 

1 

1 

1 

*0 3- 

(V K) •>< f»> 3^ 0 in 

0 


iT) e 

O' 


f. 0 r- 

0 


CM 

0 m 

0 

3 

tn 

^t«*min»oino0«-c 

K 

0 r> 

CM 10 

CM CM iC 

3 


O' — 

0 « 

3 

0 

CM h* 

h* 

n- 

m 


•0 

CD 

in in 

0 3 

0 

»n >o fo 

000 

3 in 

0 

3 

in 

^^ 3 «n m ^ CM 3 

f'- CM in 3 

in 

O' 3 

3 CM 

3 

3 

0 

0 m CM 

3 

3 

0 

K) 0 CM 

3 

0 

to ^ 

3 r" 3 0 K5 3 m 

0 


O' 

m K) 


0 CM c- 

CM 



3 0 

0 

0 

0 

0in®0t'“*^»om0 

0 CM 

0 


0 0 


CM 

0 

0 3 

CM 


0 O' 

O' 0 

0 

CM CM 

C\J ^ ^ ® ^ UJ ^ ^ 


a 

CM lO 0 lO 


O' 

•i^ 



O' 0 


0 

m 

10 3 3 in 3 in 0 

0 O' 

•« 



^ w in O' 

•-< 



^ 0 

«i4 




^ CM CM 

CM CM 


I iiiii iiiiiiiiitiiiiiiiiiitiiiiitiiiiiiiiiiiiiiiiiiti 

ooooooooooooooooooooooooooooooooooooooooo&ooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOO 


lllfllllllfitlltfllfllllllllllllllllllllltllltllfiflllfti 


w XL 

•• O 0 •• •• •• Q •« «• •• •« • 

ffi 

0 0 
O 9 

o 


O 0 0 

<<!<<< 00 

<<<<<< 0 <<<<<<<<<< 

0 < < < < 0 

< < < 

o < 0 < 

0 O 

0 O 

O O 

0 O 


0 0 


; ec 

<<<<<< 

< 0 < < < 

O 0<<<<<<<<<< 

0 O 0 

0 O 0 

CD 0 

O O 


0 


0 0 

0 0 


O O 


cNjrvrg<vra(vcwoj<^c^cvfWfVPwrg«^f^rgoj<^rg<N»fy«v«v<v<^«vrgf^cgcgf^«>jfycvf^fsj(Niojrgf\i<V<vrgrgfNirgpgrgojrgojoj<Mf\;f'rf 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
000000000000009000090090900000 O O 9000000090000000000000000 

.£9oewtf>ooocv^ «o o ra »-x>9 0 t^-^ .ooorv^<60oc^».^0O.(^9 1 O 0 O os ^ .ooocv^ ^oom^ ^oo;v9 <0 

99 O 09000 O<OO 09 aDOOO® 0 OO®(O®OO 0 (X><OO 000 OO 000000 O*C 0 ® 90 OCDOOOOO<D 0 


( 


i i 


( i \ ^ 


« ^ ^ V 5 


V \ 5 


^ V 5 




c 




250 



1 


FIGURE F82 

C 


ooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOO 

II I I I I I I I I I I I I I I I I I 

r> 3- funjooffl®oooof\j;y 


OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

I I t I • I I I I I • i I I I i I I I 

.90fOlf)^>(W®4A«DtO«^^‘®m■^lOO®9 


«P4*^«-4^«N^«4«H.^rvcv)c\jcvrc^*^roc\j<^ 

OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

I I I I I I I I I I I I 1 I I I I I I 

ior-r>r^cDinr*-s-o®ffio^«\£i*-«®r«-o 

euCgtNJlOri^f^lDlrt^CNJOD'OfOK^xC®^ 


ti<<c<ii(iifiiiiiiiiiii(fiiiiiii<<iiiiiitiiiiiiiffiititii 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODO 
OCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
I I I I I I I I 1 I 1 I 1 I I 4 I I I 1 I I I I I I I I t I I I I I I » I I I I I I I-I I I I i I I I I I I I I I 
tf®fOir)ir^«^^oooo®^9tf<\i9«^in<NjfO(r)oo(Mc\i®r«>moif)«^c\^o®tr>(MO'tr)9^®K>ir>Ko^(vro%ooh>s®Kir) 

(T' O' 9^ 9^ ^ O' O’ O O O O O O O O O O O O O O O O O O O O O O O 0 0 0 9' O O O ^ ^ ^ ^ vh ^ ^ ^ ^ ^ ^ v4 


I t I I I I I I I I I I I 1 4 I 4 I I I I t I I • I a I I I I t I I I I I I I I I I I I I I II I I I I I I I I I 



(McgrvfwrgrwcMrgcvegcvvg 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


rgcv(>j(^racgcjcgrgcv<v 

OOOOOOOOOOO 

OOOOOOOOOOO 


eM(V«VCV«y(V(MMC^C^04 
OOOOOOOOOOO 
O O O '9 0 0 0 0 0 0-0 


t>jrgcM<v(^rgrg<vr^oj(M 

OOO OOOOOOOO 

O O O O 0-0 o o o o o 


(^<V(VCM(MMC^(VrW0J<M04 

OOOOOOOOOOOO 

000000000900 


Oorg^^oocy^^AOo 


(V.9 ®00<W 

0®®09'^9‘99'00 

oooooooocoo® 


^xoocy^xooNO 

OOOOOOOOOOO 


000c^9000(g^x 

O 


00(^9 XC0OfV9 OOO 

h*r«- 

OOOOOOOOOOOO 




{ i i i i f f 


t f 


f r r 




f f e 


FIGURE F83 


/ 


0^ 

CM CM 

w4 «i4 *4 

•4 v4 

*4 


^4 ai4 

*4 ^ CM CM 44 a 4 «H 

44 44 a«4 

«4 »4 44 CM CM 

44 44 - »4 

44 *4 44 «4 44 

•4 

44 44 44 

44 44 44 44 

44 



44 44 

44 

44 44 


__ _ 



o o 

o o 

o o o 

o o 

O 

O 

o o 

O O O O O O O 

o o o 

o o o o o 

000 

00000 

0 

000 

0000 

0 

0 

0 

0 0 

0 

0 0 

0 



o o 

o o 

o o o 

o o 

o 

o 

o o 

o o o o o o o 

o o o 

o o o o o 

000 

00000 

0 

000 

0000 

0 

0 

0 

0 0 

0 

0 0 

0 



t 1 

1 1 

1 1 1 

1 1 

1 

1 

1 1 

1 1 t 1 1 1 1 

1 1 1 

1 1 1 t 1 

1 1 1 

1 1 ’ 1 1 1 

1 

1 1 1 

1 1 1 1 

1 

1 

1 

1 1 

1 

1 1 

1 

1 1 

1 1 

9 9 


9 9 9 

0 O' *4 o 

000CM*4•4<M^>00 

0 #0 CM f4 lO 

CM K> 0 

9 » r*“ ® 

9 

9 K 10 

0 44 0 fO 

9 

0 

0 

44 0 

.P4 

0 44 




«x ,£) 

-•xDf^cof^«fr)a> 

O 0 *o 

« 0 f«* O' O h* 44 

a4 O' 0 

CM 0 0 9 9 

0 CM 0 

CM fw O' 0 O' 

•4 « CM 

0 44 CD 0 

m 

rw 

9 

r>» 9 

0 0 K 

9 

0 0 0 0 

O O 

hv ® 

O at 

CM ^ 0 

^ r- 0 

^ 44 0> 0 CM O «4 

CM440CM44009 

0 0 C- 

0 9 0 0 0 

44 

CM 44 «4 

0 9 9 0 

0 

44 


r- 0 

0 

9 K 

0 



O' O' 

^ «i4 ^ 

*4 *4 

*4 

*4 

^ «4 

44 44 O' 0 44 -44 44 

44 44 44 

-4^ 44 44 O 

^ 44 ^ 

^ 44 ^4 ^ CM 

CM 

CM CM eg 

CM CM CM CM CM CM 

CM 44 44 

44 

^4 44 


44 44 

■44 44 

• 1 

1 J 

1 1 1 

1 1 

1 

1 

1 I 

1 1 1 1 1 1 1 

1 t 1 

1 t 1 t 1 

r r r 

1 1 1 1 1 

1 

1 1 1 

1 1 1 1 

j 

1 

1 

1 1 

1 

1 1 

1 

1 r 

1 t 


v4 ^ 


*4 *4 


*4 

^ *4 

44 ^ 44 44 ^ 44 *4 








a4 



4< 44 




44 44 


o o 

o o 

o o o 

o o 

o 

O 

ooooooooo 

o o o 

o o o o o 

000 

00000 

0 

000 

0000 

0 

0 

0 

0 0 

0 

0 0 

0 

0000 

o o 

o o 

o o o 

o o 

o 

o 

o o 

o o o o o o o 

O O O 

o o o o o 

000 

00000 

0 

000 

0000 

0 

0 

0 

0 0 

0 

0 0 

0 

0 0 

0 0 

1 1 

1 1 

« 1 1 

1 1 

1 

1 

1 1 

1 1 1 1 1 1 1 

1 1 1 

1 • 1 1 1 

1 1 • 

1 1 1 1 I 

1 

1 1 1 

1 1 1 1 

1 

1 

1 

1 1 

1 

1 1 

1 

1 1 

1 1 

o o 

•H ♦o 

*4 0 0 

CM CM 

O O' 

O^000*4O'«O(Mr)00OCM0O'00CM^^ 

O' O' 9 O' 

Q 0 ^.. 

K 0 C-* 0 

9 

0 

0 

44 CC 

0 

-4 0 

0 



0 f>* 

O' ^ 

^00 

0 0 O O 

•4*4CMfO000O'O 

*4 <M 9 

0 0 O' ^ 

09000f»^00 

000000h>C4 

0 0 0 0 0 

h* 

O' 0 

0 


CM *0 

CO r«j rg r> 

rt K) lO 

to rt 

9 

9 

9 9 

99 090^00000000000000000 

0 0 kT^ 0 0 0 kA 0 0 kn 

0 

0 0 

0 0 f«“ 

fw 


K r- 

^4 «4 


*4 *4 a^ 

*4 *4 

•4 

*4 

*4 *4 

-^4 ^ 44 44 ^ ^ 44 

44 44 a4 

44 44 44 ai4 44 

44 44 *4 

44 44 44 44 44 


44 »4 44 

44 44 44 44 



— • 

44 ^ 

— < 

44 44 

44 

44 44 

44 -4 

1 1 
M M 

1 1 

JLJLJL 

JL «L 

•M 

r 

1 •' 
*4 ^ 

i 1 1 1 f 1 c 

• •' l' 

44 44 

1 1 1 1 1 

i 1 ' »" 

44 *4 M 

1 1 1 1 1 

1 

44 

1 Jl^ 1 

1 • I I 

M 44 M *4 

1 

1 

1 

1 1 
44 44 

f 

1 1 

1 

1 I 

1 1 


ffi 

CD ffi 
ffi CD 


O CD 


C 0 

OD ffl ffl 


O O 


S 


0 0 0 

<<<<<oo S 

«t < <t *t 

o <<< 0 <<<<<<<<<<<<<<< 0 < 00 0 

0 < <<< 0 <<< 
0 ' 0 ' O 0 

0 


0 0 
0 0 

0 

0 


0 


rvfwrw<v«v<v<wrw<v<v(VftffWfvrvrvrvfV(vrvfv(VfyfVfvfvrv<vcvrvrwrwfvcvrvry(^rwcvrg(Vcwr\(<ycv;>i(urv(Mcv(N<(^oj(vcMc>jcM 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
9000030000000000000000000000 O 0.9 oooooooooooooooooooooooooo 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦'♦♦♦♦♦♦♦♦♦♦ 
r4 9 >0 m 9 r>4 9 ^ 9) O r4 9 A 9 O 9 ’C90<^9999<^S-0 0OC^«<Oa>O t4-9 ^ 90 9 ^ 9 9 Ot 9 -C 9 9 9 9 9 O f>i 9 


4 i « 


4 V 


C i t 


V 


». i i ^ i V V 


k V V 




252 



eeeb«uoz 


FIGURE F84 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOO 
iiiiiiliiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiii 
sc\)Ode0(vi^m«^oQ^cor-<u^of»mQtf)«^O'09-oa>t>‘O*«9O'x0h..Qoc^c\if<^O'^c\ico^(OKVioa'*4f^O'^sC«oO'O'CN;o 
»o,C‘ <flf\/io<o»or»-fOf*-»^4DK><V\C»o*o*o&'»^f^if>»^cD»o»^^cNj-Nr»‘{^t\isCr»-»Njin\Os£)j®r“a'ffi'^cc 
^o^D.^*o^Jeoo»or*■sOrt»^•^o»oooo'cOlO<\J^Cl^•omt»-f*-^-^“0^^«DO'^«•eD^-^D^£^•^»^«-^mccs0^^ocMoco-H^^-t\(^oa^ 

1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 • t r 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 4 1 1 1 1 r I r 1 1 1 1 1 I I r r I* r I* 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
II • I I I I I I I I I I I I I 1 I I I 1 I I I I I I i I « t I I I I I I I I I I I I I I I I I I I I I I I I 1 I 

lD^C^C«^J^»(gr)^-cO<MO»^^^lr)<DfOOO^«£»^<^^^<^C^O<DCD^^<^^CDN(D«^>«C(Ctf(C^^^C^J«D>ON•n•OeDrOco(Crs}^0(C 
K)^^^r-r**K»o^<\*woc'Oh“^ctnm^ift%£)sor^f^co®®®®flDco®r^h“vD\Oa^inmm<£^^oir>^3-3-^^jif»irsDco&'0 
f*" ^ ^ ^ ^ p»» p». ^ ® ® ® ® ® ® ® ® ® ® ® ® ® lO ® ® ® ® ® ® ^ ® ® ® ® ® ® ® tD ® ® ® P** 


I I I I I I I I I I I I I I I I 1 1 I I t t I I • I I I t I I I t t I I I I I I I I I I I I I I I I I I I I I I I 


® 


a 


a a 

a 


a 


a 

a 


a 


a a 

< < < 

« < < < « 

a 


a 


a 

a a 


a 

a a 


a 



a 


a 

a 

<<<<<<<<<< 


a 

a 


a 


a 


a 

a 


a a 

a 

< < <<<<<<<a<<<<<<a<<<<<<<<<< 

<<<aaaa << 

a a a a 

a a 

a 
a 


a a a 


a 


a 

a 


cargr^r>jrw(v«\i(vcyrvcvrw(V(ve^(Wcg(^fgevCMC^f^«wcv«wwfVcvfvc^fV(^cvcv<vc^<w<^<wcw(vevcgrgryfw(vcucu(Mcw(MCsi<MOi 

OOOOOOOOOOOO'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOSOOOOO 00000000000000000900009 O'OOO'OOOOOOOOOOOO'OOOOOO-O 

SON9^®OCW^^®O<^9®®Org^^®O0J9<0SOCW9^^®OC^^a®OC^.9^®OrWtf®®ON9^^®9(M9'£® 

®o®a9®o®®®®®®®o®®®®®®®®®s®®®®®®®®o®®90®®®®oo®®®®®®®®®®®a 


253 



< 


♦ ( ♦ 


( t f f 4 


* r i 


f t ? 


i! 


FIGURE F85 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOCO 

iiiiiiiiiiiitiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiitiiiiiiiiiiii 


tiiiitiiiiiitiiitiiiffiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiii 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooo®ooooooooooooo®oo 

I I I I I I • I I I 1 I t 1 I I I I I I I I I I I I • I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I 
fwf•^f>wf«.^•>^>^>f*>^>K®049tf)®a300®®®®®^0>(^C^O'0^00000000000000000000009'0^0'C^C^9' 


I I I I I I I I I I I I I 1 1 • I I I I I I I I I II i I i I a I i f I I I I t I I 1*1 I » I I I I I I I I I I I 



m 


< < ^ < < < 


«<<<<< 

< < 


9 


< < < < << 


< < < < 




< < < < < 


9 

< < < < « 


IS 


ffi < < < < < < 

9 9 

9 9 9 

9 
9 

9 9 

9 9 9 

ffi 


< < 


9 

S 


cvrg(vr>j(^rgtvc^oj(Vfg(^oj(V^(Vf^rg;>jrycMrwcwrM«^cwcargc\^rur>j(V(vr\4Nrg(>jcgcsifV(\4<MOjcucg(M<NJc\irgoj<\;rurgcNjf>jf>j<M 

'900000000000000000000000000000900000000000000000000000000 

0000900000000000000009000090000000000000000000090000000SO 

O(V9^®9<V.9<O09<>4^-999<V9^®O<V^<£i9O(V^^OOCU:9‘^9O(W.^XaoCV^^99<W4r^9O«V^tD99<V 

S 9 9’9;f>lntf)«Dln®«•0'9«0^*^^>^-‘^>^•99999^9'C^9'C^OOOOO*««« 
090009 9 0000999090900900009000090090099000900900009-i-»^-^-*-^-**^ 
9>^9'9‘9'9>9'9-ih^9'9'^9'Xf'^^0'9'IJ^^^9'Zt'^9'9*^9^^9-0'0'^9‘9'^9'^9'0'9‘9'9‘Q'0'9‘9'9'0'9'0'9‘9‘0'y'9' 


< 


4 I 


4 


4 


4 4 i t t « 


i 4. 4. «. i ( 


( 4 


V 


254 



FIGURE F86 


0 

0 

0 

0 

0 0 

0 0 

*4 «H 

0 0 

0 

0 

000 

0 

0 

W w 4 

0 0 

000 

•4 ^ 

0 0 

0 0 

00000 

0 

0 

0 

000 

44 

0 

0 

000 

44 

0 

44 44 

0 0 

0 

44 44 

0 0 

0 0 

0 

000 

44 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 0 

0 

0 

000 

0 

0 

0 0 

000 

0 0 

0 0 

000000 


0 

000 

0 

0 

000 

0 

0 0 

0 

0 0 

0 0 

0 

000 

0 

0 


1 

1 

1 

1 

1 1 

1 t 

1 1 

1 

1 

1 1 1 

1 

1 

1 1 

1 1 1 

1 1 

1 1 

1 1 1 1 1 

1 

1 

1 

1 1 1 

1 

1 

1 1 1 

1 

1 1 

1 

1 1 

1 1 

1 

1 1 1 

1 

1 

1 

sO 

c^ 

m 

0 eg 

c c 

0 0 

0 

eg 

e- 0 


O' 

0 0 


eg O' 

m m lO ifi in O' 

0 

•4 


O' eg 

0 

in 

<■ lO 0 

0 

0 0 

h* 

eg 44 

0 0 

0 f"* a- f'«- 

0 

O' 

0 

< 

c 

w 

0 

^ eg m 

0 0 


0 

0 m 0 r*> 



0 eg »n 

0 < 

#O 0 <vo<veg« 4 ^ff' 

44 

0 eo 0 f4 

m 

•4 a’ 0 

in 

0 0 


O' 0 

0 0 

0 

eg eg 0 

0 

eg 

44 

in 


<g 

in 

in K 

in r- 

h' C 

»n 

0 

0 0 

0000 

0 0 

O' e- f'- r- 

44 ^ eg eg eg 0 

a- 


000 

eg 0 

0 0 

0 

44 0 

r- 

0 eg 

•>4 44 

0 

44 J- eg 0 0 


eg 

eg 

eg 

eg 

eg eg eg eg 

eg eg 

eg 


•4 »4 ^ 


«4 

^ *4 

^ «4 «4 

«.4 44 

*4 44 

^ ^ 44 44 44 

44 

•4 

44 

• 444 cgegfg 00 cg 

eg 

0 0 

eg eg eg 

eg eg eg 

eg eg eg 

eg eg eg 

1 

1 

1 

j 

1 I 

j 1 

1 1 

1 

1 

1 1 I 

1 

1 

1 / 

1 1 1 

1 1 

• • 

1 1 1 1 1 

1 

1 

1 

1 1 1 

1 

1 

1 1 1 

1 

1 1 

1 

1 1 

1 1 

1 

1 1 1 

1 

f 

1 


















44 

44 




44 

44 44 44 

44 

44 44 

44 


44 44 






0 

0 

0 

0 

0 0 

0 0 

0 0 

0 

0 

000 

0 

0 

0 0 

000 

0 0 

0 0 

00000 

0 

0 

0 

000 

0 

0 

000 

0 

0 0 

0 

0 0 

0 0 

0 

000 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 0 

0 

0 

000 

0 

0 

0 0 

000 

0 0 

0 0 

00000 

0 

0 

0 

000 

0 

0 

000 

0 

0 0 

0 

0 0 

0 0 

0 

000 

0 

0 

0 

1 

1 

1 

1 

1 1 

1 1 

1 1 

1 

1 

1 1 1 

1 

1 

1 1 

1 t 1 

1 1 

1 1 

1 1 1 1 • 

1 

1 

1 

1 1 1 

1 

t 

1 i 1 

1 

1 1 

1 

1 1 

1 1 

1 

1 1 1 

1 

1 

1 

O' 


a 

0 0 ^“ 

^ 0 m ® 

0 *o in 0 in eg 0 

0 0 

^ fO O' 0 eg 0 0 

0 0 eg eg K) 

eg 

O' 0 

0 0 0 K 

K 

0 0 eg 

0 

eg 0 O' 

eg 0 

0 O' 


eg ^ 0 

0 

0 


m 

m 

eg 

eg 0 O' 

Q h- 

in tn 

eg eg 

eg eg eg eg 



44 ^ 0 

0 O(^(^O 44 egln 9 

000 

K 0 f*» 

0 0 9 eg 0 

0 


44 

0 0 

eo f*- 

r** 

r* 0 0 


0 eg 

0* ^ 0 0 

9. Q 

CO 0 

0 0 

0 0 

fD <n 0 0 0 

0 0 


CD 0 f 4 f 4 

0 00000 0 0 

0 0 0 0 0 0 

f 4 

K h- 


K 0 

0 0 

0 

0000 

0 0 










^ »4 ^ 



-4 -H 

^ ^ ^ 

•4 ^ 

44 44 

44 44 «4 « »4 




44 «4 44 

»4 


44 44 44 

44 

44 44 


44 44 

44 44 


-4 44 4 , 




1 

1 

1 

1 

1 1 

1 t 

1 1 

1 

1 

* *L i 

1 

1 

1 1 

1' 1’ 1 

1 1 
M 44 

1 1' 

1 1 1 t t 

44 44 44 44 44 

1 

1 

1 

t 1 1 

1 

1 

1 ^ t 

1 

1 r 

1 

1 1 

1 1 

1 

1 1 1 

1 


1 


W 

(S CD 8> 


CD 


<<<<<<< 


O 


A 

<<<<S<CI<< 

s 


m 

C (DC 

<<<<<<<<C<< 

C O C ' < < < 

a 

c 


c 

c 


s 


c 


<<<<C<<<<< 


< < < 


< 

<<<<<<< 



o 

o 


c 


CD 

c 


o c 

c c 
o 


c 


c 


X 


c 


o 


c c 


cc 


cvrgrgngrgrgcjtxrgrgfxfw 

000000000009 

oooooooooooo 


fw<NifMOJojcy<^rvfyr^(v 
o o o o o 0-0 .0000 
ooooooooooo 


rgtwcvfUfMCtfrgr^ivcwcv 

ooooooooooo 

00090000000 


rxjrNJCurjrgrvr^rg eg eg tv 
00000000 o 00 
00000000 o' 00 


egrgnjfvrgcgrgrjcgrgfvco 

oooooooooooo 

oooooooooooo 


9^9ofgSiDOorg9Ca>ocv9DCoeg^<DOorw^^90(>4 9. <D0 ocv^^9Ocm;9^£CO(w 


9 DOOCV 9 DOOeVT^^ 
000 — 

eg .MPwfg'vegrgrgeg'Vfgfg 


255 



V^28*002 


' iK{ii(tftttrrrrtrrt <rt. 

i 

i 

i FIGURE F87 


i 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


IIIIIIIIIIIIIII4IIIIIIIIIIII 


I i I I I I I t I I I I I I I I 1 I I t I I I I I I I 1 


oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooc 

I I I I I t I 1 1 I I I I 1 I 1 1 I I I 1 I k I I • I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

«0^tninir)tninintr)ir>tn4r)ir)ir)tni/)tf)ini/)(ntnm(nmiAtniotf)«ft.9a*^^^9.9’9tf»^3‘9K)fOK>K)iOfnfomr}fOioK)'OPO^ 


I I I I 


I I I I I 1 I 


iiiiiiiitiiiiiiiiiiiiiiiki 


I I I I I I I I I I I 


(D CD 

C <<<<<<<<< 

(C <(D(Q CC <<<<<<<<<(!) 

<<<<<<<CD< <<<<<X<CD<CS 

S X O ffi 

X X 

X X 

X XX 

X X 


X 

X 

X X 

X 

<<<<<X<<<<<<< 
< < < < < X 


X X 

X 


X S XX 


pyfNjrgr>jrvoj(MfNjf>jrjf^rgrgoirgrNif\jrgpgc^fVf>jcv«vr.;r^tv<vrNJcyojc\ir^tN<c\<f^fgc>jfXcgfMrgf>jrNjCN(rgfVf>jcvrgfgrocMrgfNjf>i 

00000000000000000000000000000000900000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 0-0 OOOOOOOO 0-0 oooooooooooo 
♦ ♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
0 (M^ <0 ^ O U-3 ^X Org. 7 X so S O ^ X o OfW9SSO^i^SS9Cg9SSOCV9SXOrW9SSOrV9SOO 

rgfuojrwrs;‘0*n*0"^^^ 

L‘Njc\jrgf\*\/'g'^rw'vrvrwr\jf\(rwrg^rfr\jr>wrgry{vfvrvrwrwrgrvjr\^rgrg:\jrNjr^rgrw'0»oo*^“i*n*0*n“^*^*^o*o^*^*0^»o*o<)*0 


% % % « I 


256 


001 



002 


FIGURE F88 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooooooooooooooooooooooocoooooo 

i I I I I I I I I I I I I I I I I I I 1 I I 1 I I I I I I I I I I I I I I I I i I I I I I I I I I I I I I I I I I 

CT'^v0^CCC®^f^»H»*\Cj^ir0^fflO>0C>'Cy»^Of^O<N>0'h“«^'Cf\|OOCNj»C»0CNjOO3-®«-*f^O^^eM\0CN)<\<0'CNJir»0O®C0'^ 

'cgo»HC\j»03-cr^^cvr*>fNj^oj 


1 1 1 

* 

1 

1 

r r 

r 

1 

1 r 

1 

r 

1 

1 

1 

1 

1111 

1 1 1 1 1 

r r r 


1 

: r ,* 

1 1 

1 

1 1 

1 r 

I 

1 1 1 1 1 

• • 

• 

1 

• 

I 

• 

^ W 

^4 

















i 4 

eg eg nj ro eg 

eg 

eg eg 


eg 

eg eg (g eg eg 

eg eg eg 

eg eg eg eg 

000 

0 0 

0 

0 0 

0 

0 

0 0 

0 

0 

0 



0000 

00000 

000 

000 

0 

000 

0 0 

0 

0 0 

0 0 

0 

00000 

00 

0 

0 

0 

0 

0 

000 

0 

0 

0 

0 0 

0 


0 0 







0000 

1 1 1 1 

00000 

000 

000 

0 

000 

0 0 

0 

0 0 

0 0 

0 

00000 

0 0 

0 

0 

0 

0 

0 

I 1 1 

1 

1 

1 

1 1 

1 

1 

1 1 


1 





• 1 1 1 1 

1 1 1 

1 1 1 

1 

1 1 1 

1 I 

1 

1 1 

1 1 

1 

1 1 1 1 1 

1 1 

1 

1 

1 

1 

1 

to f>» O' 

eg 

0 

CD 

r*» iX> 

m 


tr» so r'- 



O' 


\Df«-\fiO' 9 l 03 ' 0 ®f^f -9 

iT) 9 ^ 


*D 0 

9 x> s 

r> 9 

K> m 

egtocoO'Deg'D'D 

14 

9 


S' 

f 4 

000 

w 4 


0 

0 0 

0 

0 


9 






€\t^OS 1 *^>OiX >9 

K) eg 14 

0 

0 eg >D 

O' K> 

14 

0 eg 

<D 0 

i 4 

0 O' 9 vO 

9 O' 

0 

•H 

eg h* 

9 

»o « rt 

^5 >0 |T> K) 

« ir> 

eg rg 

eg rg 



w 0 0 

000 

000 

0 

O' 0 

0 0 

«D 

«D iD 

iD 


9 f'- 


N 

9 

^ ^ 








-* 



•H 



^ ^ «i 4 ^ 

^ ^ 14 i 4 14 

14 I 4 i 4 

14 14 14 

l 4 

0* O' O' 

O' O' 

O' 

C^ O' 

O' O' 

O' 

O' O' O' O' w' 

0 O' 

O' 

O' 

O' 

O' 

0 

i i JL 

r 

1 


r 1 

r 

1 

1 1 

1 

1 

1 

1 

1 

1 

1 1 1 
•iN M M ^ 

1 1 1 1 t 

14 14 *4 14 14 

1 1 1 
14 14 14 

•L JL.L 

1 

14 

1 1 1 

1 1 

1 

1 I 

14 14 

1 1 
»4 14 

1 

1 1 1 1 1 

1 1 

1 

14 

1 

1 

1 

1 


(L £- 

Cl c 


ffi 




£ •• 
c 


m 


c c 


c 


C C C CD 

(B CQ CD 

CQ <<<<<< 

< < < < ^ ® 

<<<<< ®® 

< fS < < < C CD 

<<<<<<<<<<CL CDCB CIDCD 

CD CD CD 

(D CD 

CD CD CD CD 

CD 


CD CD 

CD<<<<<<<<<<<<<<<<<<< 

<<<<<< 


(V fX fg rw fvi f>j fx rg ru 

ooooooooo 

0000009 OO 


S3 9 9 -Si 

*n 

9^9'9'9'y‘TO' S' S' 


rgcwcijf>jrsjfv«^rgfyc^fgrjp»|cvr>j«v*v<M<M?s<<NJf'J«vj 

oooooooooooooo O O O 0-0 o o o o 

OOOOOOOO 0.0 OOOOOOOOOOOOO 
^ ^ ^ ^ ^ ♦♦♦ 
t>i 9 ASorg^^SOCM^^OOcy^ X> O ^ oi 9 -C 
®^«C®^^^^'*»®9®999‘^9‘^9'0000 
■O'O'O^'OO^O'I'O^-O^O'OOO’O'OJ ^ jr 9 

s s s sssssssssssssssss s s s 


cgNrwesifgcNjrgrgfNJOjcgrgjgrgc'jfgtvrargrgpgcucyrg 
000000000000000000000000 
ooooooooooooooooooooo 00 o 
♦ ♦ ♦ ♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
S0f\i^99ocg990ocg^9SO(V^<D9o;g^ 
0..«»4*4.4.rt(grg?V(VC\lOO«l»^^9 9 9 9 9 \Ti Xi 'X) 

999999999999999999999999 

9 ssssssss sssssssssssssss 


257 



9930-002 .1365-002 


\ 4 


4 4 4 4 


« 


t 


0 


FIGURE F89 


oooooooooooooooooooo o'o 
oooooooooooooooooooooo 

I I I t I I I I I I I I I I I I I I I I I I 

»o fNj r«. ^ a 

mro^otno*-4CNj\OsO*40^or)^oonooo 

II I I I I I I I I I I I I I 1 I t I I I 

oooooooooooooooooooooo 

oooooooooooooooooooooo 

I I I I • I I I I I I I I I I I I I 4 I I I 

oc^o•H«Mooooooo(^<^t(M^«£m^Cin^cg 
c^c^oooooooo9^(^9^0'er>»t/)^f0<^Jwo 
^ ^ ^4 ^ «*9 ^ O* 9 ^ 9 ^ O' O' O' O' O' O' 

I I I i I I I I I I I I I I I I I I I I I I I 




w 


CD 


CD < 

<<<<<<<^<<<<<<<< 

CD 


< < 

CD CO 


< < 
CD 


< 


CD CD 


CD 


<^cwNW(^(^(v^r^ryfwrgrwcg<grsjcyNr>j<MCWc>i«w 

ooooooooooooooooooooooo 

ooooooooooooooooooooooo 

^SON9<0eO<^9<9«O(44.9’«a)O<M9«0OO 
O' ^ 9* 9 O 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 


9 


" r 


258 



PLOT OF THE.TAX VERSUS TIME 


^ > I « I f « < * ( « » « • t * f # I » « f 


FIGURE F90 


< oooocoooooooocooooooooooooooooooocoococc 

OOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOCOOO 
U.' + 


<OOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOSOOOOO 

H-OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCOOOC 

r 5 K)K>n»n^#o»o«o^*o»oio^r>^^^rt^*OfO*o»o«o»OfOfOK>»oiOK)K>iOfnfOOfn»n*otn 

iOrt^rt««^»>ioio«^«»o^«rtto#OfO«#^*o#»>ior>o«rtinfO«OK>»oiOfO»o»OfO»or)*n 


X ^^rjru<\joj<Mc\jAJCj<NJOjtM<Njcocorj«\j<'Jco<\jca»o*o»OfOfOFr»«r>fO»^r5FOJOK5o»no*r! 
< OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 300000 COO 
K OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
UJ 

Xou^o®®r'r>•^c®lnm^^^ 0 lorvfv^--*ooc^a'^t^:ra'^ 0 'r^®»n®foc^®*o®*o® 


Uf 


> 

o 

z o 

Z>-t‘ 

S ® 

<-«f 0 <<<<<< <<< < < < <t <f < <-< «a<c<;<<<<<<<<<<<<<<<<< 4 <<r<-<< 

X a 
< r) 

z • 



1/1 

V) 

3 

D 

(/) 

in 

C 

cc 

UJ 

UJ 

> 

> 

X 

N 

< 

< 


— 

UJ 

UJ 

X 

X 


»- 

u. 

u. 

0 

0 



*4JO(V7-£9OCg^^®9<^<9<fi®O(Wtf>OS®(^9<I>99(^^J399fg9<0®9(^^AOSO 
Z 00300— ^ 9 9 ® r«* r*^ ® 

^ooooooooooooooooooooooooooooooooooooooooo 

^0®OQ®®0®®®®®SO®®®®®®®®®®0®0®®®®®0®®®®®9®® 


« 


I 




8U82*002 B ♦ A I .1843+003 .3353+004 .1293+002 


( * 


« ( 


( • I 


» * 


• • 


* « 


» * * 


• * » 


♦ • > 


FIGURE F91 


OOOCOOOOOOOOOOOOOOCOOOOOOOCCOOOCOOOOOOOOOOOOCOOOOCOCOOCC 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOD 

m»ccDo-HK^^sO^“ 0 ' 0 «Njfomr'<oo^^^sCh-C‘Ofv*oif)f**cro^fO^»^r«“ 0 'Of\!^ir)r«-cDo^fOir*or*'CT>ocwirLnKc:o 

c\J 03 cocoi/ 3 tc*^^r«-ojf*‘OKj^^m\oa'CoiD®»^if)<D^^t«“ 03 -r^oK>k^p'(v^oo'CMm®»^ir>c^^f^ofOh' 0 »nx£)^rysc 


OOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

GOOOOOCOOOOOOOOOOOOOOOOOOOGOOOOOOOOOOOOOOOOOOOOOOCOOCOOO 

3 ’in®f^®® 9 'O«Mcvcuf')^ir®Kf«>® 0 'O^c\>cM( 09 ;r)®®f^® 0 ^o* 4 ^c\tK> 9 tr 40 ®h»® 0 ^o^^r^f 09 ®X)®r--®(ro 

K)r 5 i 0 » 0 » 0 » 0 » 0 * 0 » 0 * 0 » 0 «r)f 0 K)» 0 pr)f 0 «K)» 0 * 0 K)» 0 # 0 » 0 i 0 «f 0 » 0 » 0 ^» 0 ^o»r»» 0 ^Ki» 0 r>f 0 K>f 0 O> 0 f 0 » 0 > 0 i 0 »r>opr)K)Ar>.tf 

rtinr)t0Ki»oi0f0«f0»0in«0*0»0i0»0i0r)f0rt»0iOf0rti0i0i0i0«io»0^^«r)r>«'f0iot0t0ior>i<)O»0f0i0f0K)K>f0»0K)K) 


^in^f0K)^»0*0»*^*n**^f0rt»0f0«0f0inf0i<)#^r)f0f0i0«rt*^»0i0i0^i0r>r5r>r>r>f0»0<no*0»ni0K5»0J0»0»0»0fD»0f^*r»0 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

•♦•♦♦^♦•♦•♦‘♦‘'♦•♦♦♦♦•♦•♦•‘♦♦- 4 -»- 4 >-^ 4 - 44 - 4 - 4 * 44 ^- 4 ‘- 4 ^ 4 - 4 < 4 « 4 - 444444444 -‘ 4 - 444 ‘*- 444^44 
®nfflK 5 ccsjp*-c\j^-t'jf^fvjf^rs<f*-fNjr*-<\jr-c\jh'Cy<f*--^\ 0 ^»D^\£)«®'^®»^®«-'®^®*-«iOoinoiromcir 5 ou',cir)c:Lno 
®»nf^ru®^ino^O'^®<Nif*“W^oif>C'j®»^t*‘fsj®«-»iDo^CT'K^®cgf^^®oir 5 &' 3 -®K^r^ro\£)-^u^o^p'*^®<\ir*' — s£ 
®a' 9 'Oo* 4 «H€M<MCM^«o^tftr)tn®®®^>f«-o® 0 ' 9 'Oo« 4 «-«^<\jcsjf 0 ^^ 9 m 4 r 3 m®®f-r»s®o^O'ooo^«HCM(V'oio 
^^^«\lCN(<\injC\;<^<MCViCU<\l<N)(\J<NjCM<M(\J(V(<\JCNtCU<\ICVJfn^r>^K>r)«0f0l0K)r0f0^K>i*^K)K)K)K)mO^3'a^ ^ ^ 3- 9 9 9 9 


«<<A«c<<<<<t<<<t<<<<<<c<<<<<<<<<<<: 44 : 

<<<<<•<<<<<<<<<<<<<<<<<«<<<<< 


r 


3 ®®C®ffiCflDC®®ffinS(DDOSS(DOSC£DOSSSCD 3 CDffiffiODOffi(Sm®£ffiCffiCCi®£X 3 ffiDSSOaX 

CNiojOicgfgojwevcg«ve>jr^cvrg:^ojCM«v<^w«vcwfv<vo»nir><«sjfwcM«^rNjrgfVCM?vevcgcyjgc^fVCV<wcMcg<\Jcgcv<M<MMcv?wf\i<\i 
OOOOOO. 0 0000000000000000090000000000000000000000000000000 
00000000000000000900000000000000000000000000000000000000 

♦ ■4 4^444^^4 4.4 «^44^«4^ 

7 < 09 Orv^< 0 ®O(g^+ 0 ®O(V^ 4 f)®OCV^^®O<V^^®OC^^ 0 aoe^tf« 0 ®OC^ 9 i£OOCV 9 -£ 9 OCM^^®O(V^ 
S)SC 7 '(^ 9 ' 9 ' 9 ‘OeOOO•<«• 4 • 4 • 4 « 4 rvcVftf(^/<V^^n* 0 ^^ 999 tfl/) 4 /)l/)X 9 a 99 *Ca^^^^^^^‘®®a®®(^ 09 ' 
OOOOOOOO — *^ — — 

0®®®®®®®®9®®®®tD®®®00®®®®®®®®0®®OSO®®®®S®®®®®®®XXXv®Oa®®® 


• • 


« 




« 


« t « • • • 


I « 




» * • 0 


260 



Z00 + T60C* ti00t00t7C* COO+SOtiti* IV « Q 20049610 


f 


t 


f 




# • 


« 


FIGURE F92 

r 


ro rw <\j tv tV' ro fv' c\j f\) CNj fv fv; 
oooooooccooc 
oooooooooooo 


cv tv tv tv tv tv f\J 
o c o o o o o 
o o o o o o o 


(V tv t\l <M cv <V 
0-000000 
o o o o o o o 


tv tv tv tv tv fv tv 
o o o o o o o 
o o o o o o o 


tv cv tv 
o o o 
o o o 


cvtvtvcvcvtvtvcvcvtvcvrvcvfvcvtvcvcvcvtv 
ooocc ocoooooooccc coo 
oooooooooooooooooooo 


»o^,0^•c^•^cv3•lf>r-eoo•H»r5 

(vm(04H^cD^9r»oK)h-ofn 


^vor«‘0'v-ttv^tnr*^oo4-^rta^»o 


K O' 

K> 

o o 
•a- a 


CV 
O r) 



jLDr~®o^»03-»cr^0'*^tv^iDr'‘®o^K)jvCr** 

«oO'tvmo'tvift®*H^f«^«Ha’h*o»o»x>o»o^O'Cvif> 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

•-^fVm^J^lf)>0^-®0'0'O^tVKl.?^lf)40f'«.00'0'O-^CV*0rt^lf)^h“®®0'O«-*CVf0K^a,/^\Df^®®0'C»-*CVtVK>^J^^Cr-~ 

OOooOOOOOOO«^«^^^«4«N^«i^.^M^w<\|CV<V<VtVCVt\ltVCVCVCVCV«*^K)K>K)^K)K)fOfOK)K)r0^9a‘a^a^a-.^^9 

»^rtK>»0i0K)mi0morti0Kjn»0Kir)*0m0»0i0rt*0«0i0f0i0«i0^i0«^r)^^r>^»0i0K>K>i0K>K>K)K>i0K>i0f0*0»nm»0 


»OK>nKi»o*o^ft)»n^^»o»oiOf0^nfn*n»o»'i^rt»o«ort»o«ioitir>r>r>K>mr>, K^K^mrt*oioioK)F>fOrt»OK>^fOfO»OK)»r»*^ 
OOOOOOOOOOOOOOOOOOOOOOOOOO'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOO-OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOO 

o-^0'jO'^0'^0'^0'^0'^(y'-oo'»o®*o®*o®»o®*oo^®t*^o^ccvf^tvt'-tvr^fvf«*tvf«“<vt'“tvr«-tvf*-»Nxi3— 
^o-K^eocvN- — ®ou^O’^®^f*-tv®^iDo^O'»o®tvr*‘»^®oi/^0'^o^r^cv®^ir>oa^O'»o®tvt'-^«CoiAO'^®»Of'-tv 


<<<<<<«<<<<«<<<<<«« 

<<<<<<<<<<<<<<<<<<<<<<<^«ft«-<<<<<<<<<<< 


£®ffiSOCffi3CO®®(DmOG® 


s o s ® ® o 


S S A ® ® o c 


m3® 


s o o o m 


m m 3 m X «c 


X s 


3 s X m 


'CVfWCVCVtVCVtVCVtVtV 
oooooooooo 
o o O 0.0 Q O O O O 


tv tv 
O o 

O O 


tvtvtvtvtvcvcgtvtvcgcvcvcvcgcvfvcvtvcvfv 

OOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOO 


cv rv cv cv cv 
o o o o o 
o o o o o 


cv cv cv cv tv 
o o o o o 
o o o o o 


cv cv tv cv tv 
o o o o o 
o o o o o 


tv cv 
o o 
o o 


cv cv cv (V cv cv 
o o o o o o 
o o o o o o 


9CV9 ^oocv-a- 

O0000«4«4^ 

^vrg*vtvtv?v‘vrv 

£®0®®®®® 


3® otv.a 3®orv;roso ®30cv-a' ®®orv 
-*-^CVCVCVCVCV»^»0«000^.»^^y®^®‘ft®*0® 

?VfV?V?VtVCVtVNfVJV^^tV*VtV<VCVCVCVCVCVCVCVrV 

®0®0®®®0®®®®®®0®®®®£®®®£ 


a 

o 

3 

o 

cv 

a 3 

3 

O 

:v 

a 

3 

3 

o 

CV 

o 

o 

3 

f*. 

r«» 

K K 

r«» 

3 

3 

3 

3 

3 

O' 

o* 

rv 

cv 

rv 

rv 

rv 

rv tv 

CV 

CV 

rv 

rv 

CV 

CV 

rv 

rv 

s 

® 

o 

® 

3 

3 3 

3 

3 

3 

3 

3 

3 

3 

3 


o 3 
O' O 
cv cv rv 
® o o 


o cv a o ® 
o o o o o 
»o o •n *o 
^0 




261 



2 OOt 60 ei* tiOO + ifttiC* t 00 t 9969 ' I W . * U ZOO^OKQ 


I t I 


<< * t 


* 4 


4 4 


4 4 


4 4 4 


4 « 


f I 


I 


) 


FIGURE F93 


CM CM CNJ fS) fV <V <V 

o o c o o o o 
c> o c o o o o 


CMCVCMCOCMrorjCM 

oooooooo 

oooooooo 


CMCMCMCMCMCMCMCMCM 

ooooooooo 

ooooooooo 


CM CM CM CM CM CM CM 

o o o o o o o 
o o o o o o o 


CMCMCMCMCMCMCMCMCM 
0.0 o c o o o o o 
ooooooooo 


CMCMCMCMCMCMCMCV 

ocoooocc 

oooooooo 


CM CM CM CM CM CM CV CM 

oooooooo 

oooooooo 


^CM^lOf*'COO»H^jJ-Of«-0»^CM^inr^®0^rt.^»Df^O'»^CM^4f>f^<D0^40^M>f^O'OCMOmf*‘OO^K>^>Dr^C'0(M*Oir 

0'^ff'OOO*H*4^CMCMCMCM^^rt^^^t/)lOlft^^»O^“^^®®®®^^O'®®Ow«4^tMCMCMlOK>^^3-^^tf/tnif)O»O 

9 ^ 7 ir)(f)tr)4niDir>trin4nm4rtniD4ntf>4rirtO(rtc)tf)tf)iDiAtf>i/)ir>ir>tf)tr>mir)^®^«OvOto«c«x>NO®^<iCvO®®«£>c>c«o^® 


OOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOCCOOOC 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 0-0 OOOOOOOOOOOOOOOOOOOOOC 

®9>o^cMCMn^tr)»o%c^^cDc^o«^•H-cMr)9tn«CtD^‘COC^oo«-4CM^^iOtr>®h>®c^ooi-4CM^^l^ln®^>®c^c^o«-l(M'n^ 

9999999999Sr999999999999999999999999999999999999999999999 

K)K>»o»o^io»ort40io«fOrtiOrtr)r5rt-^rtK)-rtrt«rtfOrt^io*ort«««»o^^K>»c>fOfC5»or>f040»oiOfOioio»OK)K)K)»o»o 


4^^K)^rtf*^40^f0^ortf0f0^*^^^i0f040f0i0^^^»0rtr>r)^i')^40in40^f0i0*0*c)»0i0»n»<>Of^i040K)K)fn»0»0»0 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

•4®^®-H®«^®o4f)Oirtoino®oir)Oino®o^O'^0'^0'^0'^0'^0'3-0'3^®r>®»o®K>®»ocf^®foe»o®fMh«-cM 

^U^O^C^O®CM^--^®O^^C'^O•*^^*•CM®^tDO.a■®•0^*'CM®•<^^^>O^ff'^®^M^‘W^0Olf50'a^®K)^-CM®^L^OcrQ'^0 

oo«<4«H^cMCMvOf0^9ir)tnm®®rs>f»-o®0'0'Ooo«4^cMCM^^^^-9tnin®®KK®®®o<o^oo«^-^CMCM*OfnK)^^ 

^•^“^•^•^■‘^-^*^“^>*^“^*^»^*^•f«•^*f>..f««.f^f...r».f».®®®®®ttoo®®®®®®®®®®®®®®®ff'ff-o^o•^ff•t^o•c^J^{^ 




®®SX{DS®SffiCDSDSffiSSCS®SS®S99SOffi«OSSSffi®S 

E a P CC C X w 9 CP CP ® ® ® ® g m c; tp gg {p <P ?^ **^ ^* ********** *^ ************************************************** ** 


N CM CM 

o o o 
o o o 


CMCMCMCMCMCMCMCM 

oooooooo 

oooooooo 


CM CM 

o o 
o o 


CM CM CM CM 

o O O o 
o o o o 


CM CM CM CM 
O 0.0 o 
o o o o 


CVCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

OOOOOOOOOOOOOOOOOO 

oo oooooooooooooooo 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

O o O O 0.0 o o o o o o o o o o o 
ooooooooooooooooo 


rM^i>00CM^9(boCM9^®0CM^®9OCM^^XOCM^900CM^X®OCM9£®a 
^^««•4CMCMCMtMCM^<0«0^*^9 9999ln9intn40'0^0^0®^•^>■^•^•^•S®OS99' 
Ofn*o*o*ooo*o*o^'00^o*^ino«0'n*o*o»o^'0»o*o’040^:o0'00oo^o*oo4^ 

p®®®®®®®®®®®®®®®®^®^}®®®®®®®®®®®®®®®®®®®® 


CM^ ®®OCM^®®OCM.7®®OCM 
0'OPOOOOOO«><»^*^»^»^CMfM 
99999999999 

®so®®®®®®®®®®®®® 


I 


4 


« 4 


I t t 


t t t 


t • t t • 

262 


4 • 4 


4 4 4 ) 


003 



'( 9 ft f •• 9 f i t 


FIGURE F94 

C 


t\)COPO<v<\jrJco«\'fNJ<\jojrvjf\j<vojcocjrj<MfsiOJCoro<\jrj<\JfM<'J<'J<Niro 

coooooocooooocooooooooooooooooo 

ooooooooooooooooooooooooooooooo 

CD ^ ID CC ^ ^ KOlOh- 0 ^^ 9 ^ 0 l«£) 9 <<Niir) 0 «i >«9 

sor»r<'r^ococDa‘9'0'oooo«H«4*4<Mfgcsj^<n«n^99tnir)ir)«o^ 


cuc\)ojf\jc\)Cvc\icM(\!rM(\jrsjCV(M(V{V(Mra(M(v<\t<\i(v>c\)(vcv 

OOC OOOOOOOOOCOOCO-OOOOOOOGC 

ooc oooooooooooc ooooooooooo 


9>Ah>9'oc\i^tr>«£0O'>*N7or^C'CcvfOtr>%oc9'«Ncv> 

«D9'0Ji/)0'Ntns^^r»«<tfr^on>£)oo>09‘C\ji/)s<\im 


OOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCOO 

ooooooooooooooooooooooooooooooooooooooooooooooooooocooooo 

0‘C'C'(J'ff'a‘C'000000000000^^^^«M^*^'^»<»^»'«^<NJ<V<\iC\IC\JC\JCV<\JOJC>jev<\l*0»OK>lO*OK)K>*0»0»niOlO:j-3^ 

nr)»o»oK5io»oin*omrtrtrt*o#n»nfnri*o*nfO®»o*Ortrt^*o«*o««inK>»OK)0^fOKjfn^^^«^^fO»o^tOK>ior>fnr)fn»o 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


♦ ♦ > 




®l/)®®f^f^f^O®0'0'OOOOOOOOOOOOOOOOOOOOOO^^^^^^w«4»4^^ww«H^^«s>4v4»i^«^«HC\;<V 


«<<<<:<<<<<<<<<<<<<<;<<<<<<«<<<<<<<*<-<<•<«<«<<<<<<<<<<<<<<<<< 


s s 

X 

s 

9 

® 

O 

9 

9 

£ 

S 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ £ 

e 

B 

B 

B 

B 

B 

£ 

B 

B 

B 

B 

B 

B 

B 

B 

B 

£ £ 

£ 

£ 

£ 

£ 

R 

S 

£ £ 

£ 

£ £ £ 

£ £ £ 

•• •• 

*• 

•• 

•• 

— 

•• 

— 

•• 

— 

•• 

•• 

*• 

•• 

•• 

•• 

•• 

•• 

•* 

•• 

— 

— 

•• 

•• 

— •• 


•• 

•• 

•• •• 

•• 

•• •• •• 


•• 

•• 

•• •• 

•• 

*• 

•• 

•• 

*• »« 

•• 

•• 

•• 

»«•••• 












r« 

fW 










CM CM eg 

CM CM CM CM 

CM 

CM CM 

CM CM CM CM CM CM 

CM 

CM CM 

CM 

CM 

CM 

CM 

CM CM 

CM CM 

CM 

CM CM CM CM CM CM 

o o 

o 


o 

O- 


o 

o 


o 

9 

O 

O 

o 


o 






O 

O 

o o 

O O O 

O 

O 

O O 

O 

o o o 

O 

O 

o 

O O 

O 

O 

O 

O 

O O 

O 

O 

O 

9 0 0 


o o 

o 



9 





o 

O 

O 

O 

o 








O 


9 O 

o o o o 

o 

O O 

-o 

o o o 

o 

o 

o 

O O 

o 

o 

o 

o 

O O 

9 

9 

o 



♦ ♦ 

♦ 



♦ 


♦ 


















♦ ♦ ♦ 

♦ 

♦ 

♦ ^ 

♦ 

♦ ♦ ♦- 

♦ 


♦' 

♦ ♦ 

♦ 

♦ 



♦ ♦ 

♦ 

♦ 

♦' 




® 

o 



9 

9 




9 

9 

9 

<M 


9 





9 

9 


CM 9 

9 9 0 

CM 9 

9 9 

o 

CM ^ 9 

9 

o 

CM 

9 9 

9 

o 

CM 

9 

9 9 

O 

CM 

9 

9 9 9 

CM 9 9 

<M fV 

(M 

•n 

to 

•n 


•O 




a- 


in ® 

.n 

iT> 



9 


9 

9 


f*. 

P*» 9 

9 

9 9 9 

9 

^ cy* o* 

O' 

o 

o 

O O 

O 



«N 

«i4 «4 

CM 

CM 

CM 



^ » 










9 













9 9 

9 9 9 

9 

9 

9 9 

9 

9 9 9 

9 

St 

s *s s 

9 

9 

9 

9 

9 9 



9 9 9 

9 9 9 

O ® 

® 

® 

® 

9 

® 

9 

9 

9 

® 

« 

9 

9 9 

9 

9 

9 

9 

9 

9 

9 

9 9 9 9 

9 9 9 

9 

9 

9 9 

9 

9 9 9 

• • • 

9 9 0 

9 O 

9 

9 

9 

9 

9 9 

9 

9 

9 

9 9 9 9 9 V 


i 


< 


« 


263 



0b30»UO2 


t 


» t 


t « * 


« » 


* « 


t « « 


« « 


• * 


* » 3 




FIGURE F95 


OOOOOOOO 

oooooooo 


cvjr\jrorofN.'f\jryjfsj 

ooooocco 

oooooooo 


ooocooooo 

ooooooooo 


CJ OJ <\1 <NJ fVJ f\J f\i 

o o o o o o o 
o o o o c o o 


fM cy c\i <\j oj po cv rvj 
ooooooooo 
ooooooooo 


(vcvrviCMcocorsfCV] 

oooooooo 

oooooooo 


oooooooo 

oooooooo 


a-inh-oooopoinvCocr-HfNj^ 
Q O CC CC O CD O O '0 0 0 0 0 


inr>-0o-^^m00O'«^(M90 
(Vl(n0CM00*4^ ^>0.^^-‘0<0 

CO 0t 0 O' O' O' O O O O O' O' O' 


0 O»i«K)9-0h>O'^(NI 90r»0 
0O'^0O'to00^tr^o^o'f'>o 
♦^**^oaoif>00000h‘r'-r*0 
O' O' O' O' O' O' O' O' O' O' O' O' O' O' 


o-^m^ 0f«‘O0O'cv)0O'W0 

^f'>O^0O'OOO«i«*i4^C^(Ni 

00OO'O'OOOOOOOOO 
O' O' O' O' O' O' ^ ^ ^ 


ooooooooooooooooooooooooooooooooooooooooooooooooooooocooc 

oooooooooooooooooooooooooooooooooooooooooooooooocoooooooo 

^CMi').9000*'''-0Ooo*4(\i^^iO00f*‘0Ooo^<uAoo00f'>0O'O'O*4fvio^^tn0r'^00Oo«^r\;fO^r‘/>0P'>0 
ocro9OO9O^otn0004/)0in00ir4O00000000000000Kr'‘f>>f'*>r'>>>r>r«>r'*>f'^h^f'»K0000000000 
m0tn0tr>0000 0.m 000ir>tn00ir)inin00tr>tn0000000000000ir>00inin0inir)ir>00ininirir)irir)ir.ir 
K)n»n»OfOK5fomrtK3»n»o»nKi»n^r5r^r^fO»ort loVi »oio*o»o#oiOioioioio«fOio«r>foioioK>«»n»oK)ioto»OF5»oio»r)rt»OfO 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooc 

O'»O0<vf'‘-^0O0oo0«f^<M0-N4noo'O»O0C\ir'“»^0oinO'O0^i''*«\j0»^iftoa-O'K50c\)0^ino5ro»n0rof'«*— 0c 
o»^^rNj<v»o»n:»^3'ir)m00f*‘f*“00OOooo^»-<M<M»o»nr5^3-ir>u^OvDf'*P“©m®O'Ooo^»^c\jcopsj*n*^:j-3^ir>in\D 
€\i<M(sifwcM(Njoj<M<g<g<M<M<\t<w(M(\i(\j<vj(^cw<MiOK>fO«oofO<')«oi<^iOK)fO«or>io«or>fOK>i*^K)K>9 ^ zf zt a- a a a a a a 



« < < < 


S0S3ffiSSXS0XSffi0ffi0ffi0S00SS000SSSS0SttffiSS00S0SS0O00S<DDCD00SOO00 


CM(vojcvAjc^«Wf^N(V(^(^<^CMOj(\ic^t4cjc^e^c^<v<wrgrM<M«NJcvrwcwCMcvcvc^c^f^c>iOiwcMcyojm<xcM<v<\icM(g(veNiAj(Mcvoi 
OOOOOOOOeOOOO oooooooo OOOOOOOOOOOOO 0.0 oooooooooooooooooooo 
oooo ooooooooo. ooooooooooooooooooooooooooooooooooooooooooo 

oodaO0o(^a<osocwa©0oeMo^oorgaooorvax0oc^a©0orya<oooniaO09O<O'O0or>4a«O0o 

aaaaa0000«n<00<O00f"‘r'»tN>f''>p'>0O000OO'OOO'ooooo«-4«N-^«««4(w<w(vevcw^o«o^ioaaaoa(O 

O00000000000000000000000000000000000000O000000XX*O0000000 


4 


4 


< ( 


t 4 


( 


t 


« 


4 - 4 4 4 


4 


4 


4 4 


4 4 


» 3 


264 



200 


I '$ ■'* 1 




» 




FIGURE F96 


oocccoooooooc 

ooooooooooooo 


cMK)for)^^^mtnm«£vo«£ 

ooooooooooooo 



^^^^nK)^r5f0^^^^^^l0»0»0l0*0»0l'>^^K)»0i'^»'>K>l0»0»0Oi0f0»0^*^»0^O»0»0K: 

oooooooooooooooooooooooooocoooooooooococcccc 

ooooooooooooooooooooooooooooooooooooocoooooo 

ff‘CMirtC'<N)ioo»<^f*'»'3’f^o*o»DO^»oO'C^tf>®<\jm®«H^r**^^r«.oK>»cO'fnvDC'Csjto®cvir 

«,or-h“f*-®oocy'^C'00o»^^»HtNico<\j<sj»OK)K)3-a'^u^iri;fi®®®r***r*“r^r*-®ffiCO'0'^oo 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOCOOOO 

OOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOCOOOO 

® O' o^c\ic\jK^^i/)\or«-r*-ocy‘0«H<\)csi»i^^i/5 o o h-® O' \Dr^®0'00—»CM»*^.3' tr 

®®0'0'0'0'0'0'0'0'C'0'0'0'000000000000^^^»H»H*HW^^,-(-H»<rW(MCNJf\Jt\lf\J<'JC\JC\}<SJt\JfSJ'*^'^»'^»0»OFOO 

«K>»n»o^rt^fO«fOrtK>rj«rtr)fn^<o#^r>«o«rt««o#^«iortior>«K>Ki#o«»oior>ior>iOfO»o»OK>iom»oK)r>ioio»o»oio 


99 99999999999999 99999999999-9999999 99999999999999999999999 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOO 
OOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOCOOOOCOO 

9 9 



< < 


<<<<<<<<< 


< < < C < <<•<<<<<<<<<< <<<<<<<<<<<<4<0<<<<<4<< 

< < < < 


(SiS8DiClD<DffiCDOD0CD(SP3OS)(CCSCC(QSCD(&ffiffi^® 

O S ffi S O ffi ffi 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 O 


rwc^CMOicvcMCMrgrwcv 

oooooooooo 

oooooooooo 


CWCVOJ^VCMCWOJCVC^NC^CV 

oooooooooooo 

oooooooooooo 


rytycMoirMtvojfwrwrvN 

ooooooooooo 

ooooooooooo 


NcgcMOjcw(grv(^^cvc4cg 

oooooooooooo 

09000000 0-0 O 9 


cjf^f^rgrgojrorgrgcNjcv 
OOOOO 900000 
90990900000 


C^9 <0 9> 9 C4 9 009(^9 0O9N^ 00O(C.7 009tV9->OOOCg^00 
0in0000«O00r**^^^*^f»r^O9OO0Cr7‘9'7‘9'OO9OO«4«4«4»4«>4 

4D ® O ® O ® ® ® ® ® tfi ® ® ® ® ® ® ® 0 ^3 ® ® ® 0 0 0 0 0 0 0 0 


eeg9<DO9(M^0O9C^ 

«M<wcMCMw»o*o^^»o^:r 

CO ^0 


^009AI.9^00O(V^ 

crtf900tDtO0O<O0 

00000000OOO 


Vi Ci 


^ yi it ^ 


\» t» i»" \t >t 

265 


« « a « 


t t i t 



676 b *002 


« i «« i («(«((*(« i t » r » t ■) 


FIGURE F97 

C- 


fr.t^r 5 »o»o*o»oPO»nfO 

COCOOOOOOO 

OOOOOOOOOO 


»cr)pnfonr)*n»n*o 

ocooccooo 

ooooooooc 


^»TlO»^K^* 0 *n* 0 K> 

ooocooooo 

ooooooooo 


OOOOOOOOOO 

ooo oooo ooo 


ooooooooo 

ooooooooo 


K 5 K)»OK)K;»n"^»n*n^ 

OOOOOOOOOO 

OOOOOOOOOO 


®«-*^f»-o^r«*on«oo'<Nj>oC'fMin«*^u^o*^^f-o^r«*o^%DO'<v<i> 0 'C\Jiftco«-»^cD*^a-KOfOf^oK)»ca‘<NJina'CvjiftQ:--.^ 

o-»^-^c\jc\ioj»o^m»o^ 3 -:yini/^u^s£)%C\Or'r**f^cDOtDO' 0 ' 0 ' 0 'Ooo^«^<Njc'jc\i»n*n»n^^^Lnir>LDir)vC\CvDf^f^^‘<oo 

cgcvc\jfvc\jc\ic\j(v<\»<N»e\j<MrucvcNj«vjf\jfsjcsj<M<NJC\iAi<MCWM<\J<MCsiCj« 0 » 0 K>r>i 0 i 0 i 0 mi 0 i 0 » 0 tni 0 f 0 i 0 » 0 » 0 K>f 0 ini 0 t 0 nr)r^pn »0 



ooooooooooooooooooooooooooocooooooooooocooooooooooooooooo 

ooooooooooooooooooooooocooooooooooooooooooooooooooooooooo 

»oiotOK>K)fnio»on*n»nr)fnK)K)*ofr>rtioiOrt^^»oK>ioiOrtio«oioi^»or>fO»ortr>ior>fOiOfOioio»nK>K>«niOfOPOK)m»n»o*n 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

in o ^ CTKifflCMK^vOoirO'^Ofnr^cU'C^ino^O'fOffiCNjf^^o oif> 0 '»®r>Kc\isD*^ino 3 - 0 '*o®<\jr»--Nino a- ^ n ® cj 
ro fv K) ^ a au^u^®®^“^•^»oo^c^oo-^-<#<\/fK^v«»oaa‘ml /5 ®®®f^f^o®a‘ 0 ' 0 o-^w-^fun;» 07 oaatntntn»£js 0 f^ 



<<<<<<<<<<<<<tf<<<<<<< 4 <<<<<<<<< 

<<L<4<<<<<<<<<<<<<<<<<<<<<< 


C ffi ffi 33 ffi ffi ® ffi S S CC O O St SD 0 CD ffi O ffi ffi 0 0 0 0 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



fVfsj(\jf\jryc\jfMrgr^c^tvryr^f\fwfvmf>jf^?^<^r^cyrgfvcN;r\}rur\JC>it^rsj(>j<\jf^c^fgC^fU<\Jfwnjr\jr\jojnifsjrg(M«\i<NjfNjcNjfv(VfNJ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

00000000000000000900000000000000000000000000000000000000 

9 Dor^a<X) 0 orga«o®ocy 9 ^oocwtf>ocoorwa<C 09 <va£ 0 ocya^so(va^ooc\iaooorgavOso(>ja<x >0 

>»r..*>^r>>f.*^f>^f».r>wr^r'»*^«^r»^r^r>«'O 0 O£O® 9 OX 9900 ®O 0 ®®O 9 ® 0 ® 03 ®® 00 ®X®®O 0 O®O ®9 

000 OOO 0 O 9 O 9 DSO 99990909009090 O 000900000 SO 0 OO 000008090000090 


< t t « t ( « t 4% « « 44.44.41 I % ^ 


266 

/ 


( t * 4 I 


0 '# '# 


« 0 




> 


# > 


> 0 ? 


il f 


t 0 


FIGURE F98 

c- 


»ooio»o»o»o»o»nnr>*n»o»nin*OK>fn»or)fO#^^^r>r>fO«fnmio»oio>n»*^»nr>m»n«noK5»r;K^,r)K)»OK)^*o»^*oi»^»n»r»ntn*o 

OOOOOOOOOOOCOOOOOOOOOOOOOOOOCOOOOCOCOOOOOCOOOOCOOSCOCCOCC 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


f^^:yr-ofOsDOK>%Da'f\jm®coiD®^^r*-*-'^r^oiOsDO'^sO(T'tViioco»^iAco<^^r«-o^f«.or>%co'c\)vDa'<\JirieC'^ircD-^^ 



oooooooooooooooooooooooooooooooooooooooooocoooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOCO 
•♦••♦-f4.4-<4'4-4‘4-4-4-4'<4-‘f4'^^^4'+4‘4'-*'4‘-4‘-+^4*4“4-‘»-4- + ^4‘«*-4'4-4-4*^4>^4“4‘4--*‘4-^4‘ + 4-4-'4-4'4.4- 

®C'®0®®aDffl®CT'C'ff'C'&'^0'0'0'^0'0'000000000000»^«»^»^«^»^»^^.-«»s«H^-^CVOJf\|{VPO<\JC\JC\JpJ<\jC^ 

K5»niopoin»nK)#oK5«ioiono»nin»o»or)*or>iniortiOrtio»oioio»oioiOK>r>ior>ioio-*or>foi*^K>iOio»OK>ioK>iooio»o»nKi»o 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOoOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

C'C'9'C^O'0'OOOOOOOOOOOOOCOOOOOOOO^^^^^*4««^^«^^^*^^-^»^•i^^-4«4«4^C^JCM(MOJ(^)C^)(\) 


<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 


ffi(C(Xj0ffi(SCD(Dffi(S(D(S(DOffi(Offi(SCC(Q(SCD(D(DCDffiG}CC(D(SO(SCCi(BffiCSD{C(DSffiCDS(DC&S(DCQS9(SCDSCDS)(DO 


(vojrNjcMo;rgojrv(\>cgrgrgrgrgojfv(Mrg(\i(VC^ 

OOOOOOOOOOOOOOOOOOOOO 

oc>ooooooooooooooooooo 


CM CM (V (V (V (V 

o o o o o o 
o o o o o o 


CM CM CM CM CM CM 

o o o o o o 

0 0 0 9 0 0 


CM CM CM CM CM CM 

o o o o o o 
o o o o o o 


CM CM CM CM CM CM 

o o o o o o 

O O o O 0*0 


CM CM CM CM CM CM 

o o o o o o 
o o o o o o 


CM CM CM CM CM CM 

o o o o o o 
o o o o o o 


OCM9 AS0CM^^90CM.9 «090CM9 ^®0 
®S>®®07'9'9'Cr9'00000<M*«-4«4«>«rM 


CM^®90CM^>®®0CM9® 

CMCMCMCM»^^*0^03’^^^ 

® ® ® ® ® ® ® ® ® o o ® ® 


® O CM ^ ® ® 

? t/> tf) tf) i/) 

9 ^ O' 0^ 

0 0 9 0 0® 


o CM ^ ® ® O 
® ® \0 't> >D 
9' 9> 9> O' O' O' 
O ® O Q ® S 


CM ^ ® O O 

f*» r*» r- r* o 
O' O' O' O' O' 
CO 


CM ^ ® S O CM 
® O ® ® 9> 9^ 
O' O' O' O' 9 O' 
® o cp o ® o 


# J 


J J J J J J J ^ J 


J ^ J J J J 


I J ♦ ♦ 


267 



♦ 002 




FIGURE F99 

C 


^ lO »rv «0 
o c o o 

O O O €S 


^K 5 ^K)*n«o*oK 5 »^fnio^*n 

ooooooooooooo 

ooooooooooooc 


ooooooooooooo 

ooooooooooooo 


» 0 » 0 l 0 »ni 0 r^ri» 0 K>K^KiK>^ 

ooooooooooooo 

ooooooooooooo 


»or)*o*oion»or;K)fnfOK 5 Ki»r. 
ooooooooooooc c 
oooooocooooooo 


h-OK)r^OfO^O'fNJvDCT'roi/^«c-^ao^^f*.or)sOOK)>oO'CMin^c\Jif>o«^3'^*-^irr*'0»0\£>Ofn\cc^fMincoroinc^3-h-o^ 



ooooooooooooooooooooooooooooooooooo.oooooooooooooooooooooo 

coooooooooooooooooooooooooooooooooooooooocoooooooooooococ 

K>l0rt»0*0»0»0l0l*5^«>0rtr5l0»0^^l0f0>0rtf0»0 ^«0 l0<0t0*0«^K>l'>rt^^*0»0lOi0f'5»0i0»0F>^»0»0rt»0rtO«f0*0^ 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

<VCVCye^(M(\|<V<NiC\J<^<M€MCg<W<\|(\|<M<\l<Sj<MC^C\l<V<WC\fC^<U04C\JCJCMC^<\J(VC\J(W(MC^JCU(MNCWCVCSJC>JCNjC\tCVJ(\JCgcMCSj(MCMC\IC\jC\l 


<<<<<<<< 

<<<< <<<<<<<<<<<<<<<< <•< <<<<<<<<<<<<<<<<<<<<<<<<<<< 


caxi£.assia)sscsffiQ 3 aj®os 3 S 

SCSCSffiSffiOffiffi 0 S)GDCDODC 3 IDS)SffiCDOSS)(DCD(SO(SO(SCDO(Dlt){CCDa 30 ffi 


fgC^<V<\»W<SiWCyoJCg<M<MfUfNJC'4«\ICMCVtWfN*C^CNC^Cgf^<'#<M«V«yOJ<VeVf>iMrsirgCWf^iWPJCW<M<NJtMCX<VW<MtXfM«M^fMC*Je>JW 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


« ^ 9 O 
O' O' O' ^ 

^ ^ ^ o 

9 0 0 9 ' 


t\»^9«0eV^9®0<^^9®0CM<^9®0<^^990fSi^9®0C>J^9®-0Ma'9®0CM^9. ®0<v<^9*0<w^9 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO O'O O 

^ 0 ‘^ 0 ‘ 0 ' 0 ' 0 ' 0 ' 0 - 0 '^ 0 '^ 0 ‘ 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ‘ 9 ‘y‘y'^ 9 '^ 0 ‘ 0 ' 0 ‘ 9 '^ 0 ' 0 ' 9 ' 0 ' 9 ' 0 ' 0 ‘ 0 ‘ 0 ' 0 '<^ 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 


4 


i 


« 4 « i i ( 


« V ^ % 


1 V i i 4 


i 


i 1 






268 



91084002 18 4 A 1 .24894004 ,37764004 ,17474003 


I t t 


t 4 


4 4 


4 • 


» ^ '4 


'4 '# 9 


'# O i 


4 < 


) » 


FIGURE FI 00 


ooccoooooocoooooooooooooooo 

ooocooooooooooooooooooooooo 


OrO«r^^ OfO\CC'(M%09'M 

tf>ininioo«£«£r^h>r>0cDO)C'9'O'oooM*4«4wcv<\i(Mfo 



♦o 2n fO 
o o o c 
o o o o 


I/) ® 9 

ri lo ir 
® ® CD S 



r>«ofor>r^»o*o*n»o*nio*o#o»o^o*o^»o*o»Ofn»o*c*o 

OOCOOCCOOOOOOOOCCOOOOOOO 

OOOOOOOOOOOOOOOCOOOOOOOC 

tt*^^f^OK)f**oi0i00'<Vtf>0'CN»i0®»-'3-h*^a't'‘C 
^®®m®®®h>r^r»ro.®®®a40%avooo*H«H^(v 
® ® CD ® O S ® ® ® ® ® ® ® ® ® O ^ 9 ' O' O' O' 



9 9 a 9 9 99999999999999999999999999999 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOODOOOOOOOOC 

r'>®ooo*4<Mfo,99tn®f»®ooo^<v®9o®®r>'‘®®oo««<M^«nr^®®r>»®®oo«^c\/(MP?,o®®Nf'^ooo^rc 
r>»r-r'^®®®®®®®OA®cooQ^o>ooooooooO'0'OOoooooooooo<H^«4«M«>«^^«i«^«H^«4cvcv(\j 
t''>r*>r'»>h^f''>f'«^f'>‘r'4>h>f»f<.h».t»f«.f«.t«.f-.r'.t«.twf4.f>„r'>..r'»f>»f>..twr»®®®o®®®(D®®®®c®c®®®®®c<®®®®®(c 
r>»or)®K)K5»OfnfOrt®^#orj®r)rtm® •'j fO n io»o loio •ortio^io«i»^®K^io®r>ior>POK>oioK>K>K)io»o»no^fO»o«o 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCOOO 

»no<Njr»-^®oir)o^«^f»*fvi®*Hmo.oO®®<vf'«“-^®oino;»®«or».CN)®*^®o,o®K>r'-.t>j®*N®ca^o^®fM^''‘— c 
OOoo•4•H(^J<Mr^J«o®ootn®®®^•‘^^^‘®®(^(^oo«4•4^cuc^J40lOtf^‘®®®®®s^^®®OOooo^*4CM(MK)n 

rMrg(Njrsjc\)(^c\ic\ifge\ic^(\j<^(\i<MC\jcjMCNjc\ic\t<M<gcwcMojCMC\j<Ni(vcufsic\ic\ic\icgro<Njrgcuc\i(\jcvcsj<\jcwc\j<sicyj(\i(\ic\tc\icv:Ni 


<<<<<<<< '<<<<<<<<<<<<<<<<<4t<<<<<<<<<<<<<<<<<<<<<<<<<<«I<< 




SSffi®SSas®®ffi®®®ffiO®s®®®S®a®SS9ffi®®OOSX®®®®9SXS®3)®®®®S£®SX 


fVcvojewcwwfy<w<vojegrMC^rvojcvewrj<v<^cwc^<^«v<w<wojfM«voicv<VN«>jcvcgt>Jc\iwo)(VcvfvjcvfMOjfMCM«voj«vf\iojcvrM 

0000000000000000000000000000000000000000300000000000000 

DOOOOOOOOOOOOOOOOO 9*0 00000000000000000000000000900000000 


oc^,o®®ofvo®®orv9®®ofg^9®ocw^®®orwo40®o(^^®®o(V9®so-eM.o^®9 

00000000000000*0000000000000000000000000000000 


(^0®®O(V9®S0e^O®90Cy09®9(M0 
f>»^.f.k^^A9ffi®®0000000000•‘«•^«4- 

OOOOOOOO: 


« 


» 




J J ^ 


t .! J ^ J 


J J 4 J J i 


* 


269 


ERR MOUE ERR-lYPE! 02 ERR-CoOE 



IX. F. 4. Yaw Axis VRCS Disturbance Responses 


Figures FI 01 - FI 39 


270 



CURVE IS A PLOT OF TORQUE VERSUS TIME 


t t 




FIGURE FI 01 

c 


3000000000000000000000000000000000000COOOOOOO 

ooooooooooooooooooooooooooooooooooooooooocooo 

ttilliliiiiiiiiiiiiliiiiliiiiiiiiiiiiiiiiiiitii 


II «^^**'*'* I II It III III III 

u 

3 




U 

r> 

< o 
> o 
I 

X o 

D ® 

X o 

z • 

I 

o ^ »o ^ wj o.K> ^fO 

09000000090000000000000000000 O'O O OOOOOOOOOOOOO 
' 0 0 9 0 0 9 0 90 000099000000909990. 0 09. 9 00090900000000 


X000090000000909900900000009909000090000000009 

►~ojcar^oi<M(VMCMrsi«vo*cvcMr4C>*cvf'40*'>4?'4racMrycvc'Jcacur«iC»i04CNJOj<\ic\jcvcNj<\iC»jcwojrM<VoafV'ry 



271 


3082-002 



I 


FIGURE FI 02 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOCOOOOOCOOOOOOOOOOOOOOOOOOOO&OOOOOOOOOOOOOOOOOOOOOOOOOO 
I I I I I I I I I I I I I I I 1 1 I I i I I I I I I I I i i I I I I I I I I I I I I I I I I I I 1 I I I I I I I I 

® ID P*» O ro in ^ rNJOiCoeviOO'CN.'a-a-CO 

r*-lD®fflO^OlD®^f\ilD^f*“®«DC\/»0O®»^Of»*0af-»0l0Of^^0‘lDf»*lD4Df^»OiD®0'f\Jff'tCx0r*-3-h“r*-D'K^O0'^OO^ 

t*-®r*-of*“fNj^®0'^or*-«Njo'0'®®coh“r-^iD^^<v^®K>0'»^ir*o®o»^iD®3-r«-o^r}o»^o-^^^iD®iDr^o^O\Dr^ 

till till i 1 1 I 1 1 * r r • • I 111 I • II I r * r r r * r * r i r * r 



.. ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

00a000000000000090000009000000909999000090009900000090000 

JVjrwr'j'%rgrwcwrgrgf^f\jrv'N:cco;rgrgcvryf\fWCM?vrgfwcvrgrs>:v^^rgrgrgr^rgryr»jf^fvrjrgr«cvfv«vrgrgrwrgrjc\iryf\i:>jrgryr\i 

c^(VN(^(vrvNc^c^rgr^<vcyrv(vc^cv<vt^c^(^(y<N<^<vcw(McvoifMC>«rtfN(vAjc^cvewcvcNj(wcMcgfgfgrye^cvcMryc>4CMCv<>jr>}(v<M 


272 



£21 


I 


FIGURE FI 03 

c 


ooooooooooooooooooo 
ooooooooooooooooooo 
1 1 I 1 I I I I I I I I I I I I I I I 

cM«Hf*‘ir)ooiA«£) 09 «<oo^ocrtn<N>of<> 


I I f I I I I I I I 


<Njn^fv<vr»jf^<vro»o«vif\j»^»OfVf\jt\j cv»o 
ooooooooooooooooooo 
ooooooooooooooooooo 

I I • i I • I I I i I I I I I I I I > 

w f^. ^ ^ ^r»«&oo^r\i^ o ^ r«- a- p*- 


III I I I I I 


f\)<\»<\jivcv<v»o<vrv<vivrvK>. 3 'fv<v*oK> 

ooooooooooooooocoo 

ooooooooocoooooooo 

I I I I I I 1 ) I I I f I I I I I I I 

O'O^ OsOK^ a- aa*^o*^h'\Ccv5'(voa 
mdCMa-^ 9 '^r^ooocoo'Oaif)r>»» 4 tr) 
LO<vao^Dh*®r*-ir>K^-^^p>^--r^ato<£ 


t I I I I f I f III! 



or)o»o^*n*^fO>oo 

oooooooooo 

oooooooooo 


ooooooooo 

ooooooooo 


•n^»o»o^O"^»o*o 

ooooooooo 

ooooooooo 


m *n rn pn«oo*o*n 

oooooooooo 

oooooooooo 


«Ofn»n<o^»n*n*n*n 

ooooooooo 

ooooooooo 


0 » 0 ' 00 » 00 »OK >«00 

oooooooooo 

oooooooooo 




^ 9 9 Si x> j> J> in ^ -C -C >D r^-r** r**® ®®»o^y‘ 05 '!?' 00 ooo-^- 4 -^*^*<CMcg 

j^<veMf^JWf^iMf^<^fMfMcgcvf^?gfgMMfvcwcvcwfw«yeMr«CM<Mf^f^cw<MrvrMcvjcvc\»t\jfs»:MiMfMfVNO^«i^'0O*no^^^*^ 

(\<C4C^cMCvrg<M<v^c>j:v(MC^(V.*vrgfv.‘V(v:vrwrwcg(VC^cv;vrg:vcvc^?^c^;^rg;^?vf\j<\i^cw(^cw'^c^<Mf^cw(\j(v:v^<NJ^rwM 

<Mrycgrs*rgfvf\;PucvfvrgfvfN<<vf\;rvrgfvrwrufvcvfvrvfvrvcvrgcgcvrrffvrvtvr\Jcvfvr«j'vfvrv»fvrgrgr^fvrgrycvcVfvryfMt\jrgrgfsj 


I 


273 


002 



FIGURE FI 04 


L 


CO 

csj 

rj 

rj 

CsJ 

CM 

CSJ 

CM 

CM 

CM 

CM 

fO *0 CM CM CM 

^ CM CM 

CM CM 

CM 

CM 

CM CM 

CM 

10 CO fO »0 CM 

9 

fO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM CM 

CM 

CM 

CM 

CM 

0 

CM to CM 

CM 

CM CM 

to 

CM 



o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

O 

o o 

O 

0 

000 

0 0 

0 

0 

0 

0 

0 

0 0 

000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00 

0 

0 

0 


0 

0 

0 0 

0 






o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o 

o 

0 

000 

0 0 

0 

0 

0 

1 

0 

0 

0 0 

000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 0 

0 

0 

0 

0 

o 

fO 

K) 

O' 

O' 

in 

r*“ 

ir 

CM 

9 

9 

JL 

#o fi- 

J4 

J!* 

O' K 

® 0 

in 

K) 

^D 


fO *D 

^ ^ 0 

CM 

® 

0 

0 

fO 

a> 

0 r- 

*0 

f'-* m 

in 

m 

0 

9 


r- 

0 0 


0 to 


r*- 



in 

O' 

O 

in 

(M 

»n 

o 


® 3 - 

O' 

o 

o- »"• 


^ ® .9 

® h- 

m 


m 

0 

® •-< to CM 0 


9 

r** 

0 

9 

sC 

0 to 

»0 

CM h* 

0 

f"* 


0 

CM CM 



CM 0 

0 

0 

fv 


o 

<M 

® 




CM 

in 

® in in 

o 

® CM 



O' r- 

CO ® 

in <c 

0 


0 


00® 

r> 

lO r- 

in 

CM 

0 

s 

CM 


to to 

0 

0 

0 

0 

0 

CM to 0 0 

to 0 



»■< 

0 


in 

rsi 

K 5 

CM 

• 

••4 




CM 

CM 

<n 

CM CM 

• ■• 


CM O' ^ 

• ♦ ♦ • 

« • 

-• 

CM 

10 

9 

9 


00^ 

0 

0 

CM 

f«“ 

CM 

CM 

CM 

CM 

»o 


*0 

CM 

CM 

(O 

CM 

• 

O' m 9 

CM 0 

9 


to 



I II III I I III 1 1 I I 1 1 1 1 1 1 I I I I * * * r r r * r * * * * / 











•« 






ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

000000009000000330909000000009900000000900000000000000090 

fw.*^rw(\<fV(MfVfvf^*‘V^fvrvrvfviVf^(W(vrwiv<^fV(vrv<v;vrwrw^^rvcvcg(v^(Vcwrgcvcvfvrw(vc^rwrvr\i<M^c^<v:M(M(N4(vra 

cgnj(M(vrwcwrycij(^rgcv<M<>ic^fyr^cgcvc>d(vc^(V(V(\i<vcgw(Ntv(Mr\i(^NOj<M?wc^rg(vrgcg(wrwcwe\jcwcy(gcMOj«vcurgcurwc>jrw 


i 


274 


2 <t 3 



oooooooooooooooooeo 

oocoooooooooooooooo 

I I I I i I I I I I I I I I I I I I I 


I I I I I I III 


<NjrjrocsifOfOC\ic\j(\ir^<\jf\jrjcM«Mfsj(NjfN;«M 

oooeooooooooooooooo 

OOOOOOOOOOOOOODOOOO 

I I t I I I I I I I I I I I I I I I I 

^^<v< 000 ' 3 ^ 0 l 0 ®^ ©O' Ott 

incMi^r>«40-«oO'0^in.3-*4K)iorg9tO(NJ 


• Ilf III 




*>J«M(VCN)CM»OCMC\J<VlO<\J«MC\frgK)C\»fMfVJ 
OODOOOOOOOOOOOOOCO 
00000000©00030000C 
I I I I I I I I I I I I I I I I I I I 
•-^r»‘yo^®ooar-oo'r^c\} 3 -®ir 3 '’n 3 - 


I III II III III 



»OiO^^»on*or)«o«o*o 

ooooooooooo 

00900009090 


O O O O O O 0.0 9 0 0 0 
000000900000 


•o*o«oo*^^*oioo» 0 'n 

ooooooooooo 

OOOO OO. 00009 


oooooooooooo 

000000009000 


00090000000 

90000000009 


^99 9 9 iti ^ iTi 
9999999999 

•'w ^ cw rv cw rw c\) (w rw 
<vrgt\i?^(M^rw(vrw;wcv 


c^rwcvr>irwrM(vcv<v;^<^cv 


®®® 9 ^> 9 ' 9 > 7'000 
99999999 lT>J^!/i 
cwotcgcv?Mrg'x?gr« 4 rg;v 
(Vcvc^f^o^fwcwevcMcveg 


J> tD \fi if) (f) X> tfi ifi X> If) ifi 
(Mrgr\jr^rgcvr\j(Nj<Nj(^rwCM 
<^cgrgojrg€g(V(yoj(\jojc^ 


tfl in tn i/y X) 

cv(vrurg(MC^ojcyt>jojfg 


f 



003 



i( 

1 

i 


I FIGURE F106 

C 


oooooocoooooooooooooooooooo 

ooooooooooooooooooooooooooo 

I I I 1 I I I I I I 1 i I I I I I I 1 I I I I I I I I 

,£)eD %D Or«“ <\J«4fO«\}COK^^OOCUC\ICO 

®h--<c\jLnof\}0'^r*«o<o-^in»o»o^(Ni\D«or^\Do<M<\jor^ 
^ ^ ^ 3- »ojr cw ^ 


II 1111 III III lit I 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooo o ooooooooooo 
I I I i I I I I I I I I » I I I I I I I 1 I I I I J I I f I 

\Oir>m«o®Q 0 ^ 0*4 9 fsj o ff- o ^ ® r** ? &> r«- 

<M rD tn — rjru-«-^fOiy vt' ^ 


III III I I I I I I 


« 


« 


« 


« 


« 



« « 


♦ -• 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

000000000000000000030000000090000000300000000000090009000 

o® a>>5'^^ooooo-^*4^-^-^rgtgcg<Nj<v*no'0O^»a^.»»»j)/)^/»^<X)»0® 

fN4rgrwr>j<Mr\Jojrwryojr\i:^rjraf\jr\(rgrM(>d(Njojruryrjrwrurg':vryrwryrgr»jr>jrg{>jr\;rwr^^vrsirsjrNjrurvrgf>jryrgr\jrgr\j’Njojrurgru 

rw(vrv<v(v(vrwrw(w<v<v(vfw(vfvrw;wrsrrwrv<v<v(vfvcvfv(vrvrwrwrv(vfvrvrwryrv<v<wtw!v<vrvrwrvrvrwrg(v.‘vrgrvry<>jcv<w(^ 


^ \ \ % 


% % % % 


« • t 


276 


002 



FIGURE FI 07 



ooooooooooooooooooo 
ooooooooooooo oo oooo 
I I I I I I I I I I i I I 1 1 I I I I 

oui^-vD»^oo®eDo 
^DC^^gK)^rgoc^(^• 49 «co^^•<ocOtfln 

»r)Cgcvj»o«Hr 5 io^io-^cgK e\i ^ tn ^ ifi :r 

I t I I I I I I * 


<\iK)rjr>fNi<sjio^co<MrjcufOi^cjcj«Njco c\j 

ooooooooooooooooooo 
oooooooooooooooooo o 

< I I 1 I I t I 4 t I I I I I I I I I 

« ** • •« » • 
titiiiii I I till 


c\jcor)r^<\j<\j(VFncNjcsjfOrjTn<vjpof\jco<\;»^ 
ooooooooooooooooooo 
ooooooooooooooooooo 
I I 1 I 1 I I I I I I I I I I I i I I 
cjo^o*fifO*of^ioir<v^ 3 '^coocir 
K)euocuin®oNoc\jK)c\joincsi-<i\ 09 'rs. 

c\if\imncy*^»HO'Cu-Hin-^\C«^fOc\j<sj-HO 


II till I 



ooooooooooooooooooooooooooooooooo oooo oooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

f>jfVCVf^rgc\jr«rgc>jrgrgrgfNirur\jrsj<vrgryrgcv{>J(vrwry<\<rgrvjr^fvrsjryr»jrwryr\jrgfgrgcyrg<vr^jrvojcv(\jrurgrNjrgrg:VfNJCNjc\<rg 

pgcgfvfvfg<vc^c^<vNevc^ru<vc\jfgtvrufUrgfVtVfVCVw<^cvryf^<^«VPVf>Jf^tNirwcg<VfWcgf^f>jrgfycgf\j<Njf>JtvfNJrgfNjc\jrgrvr'jf\< 




227 B 


FIGURE FI 08 


C- 


f\,'^fOrdf^ojfO»ncj<vcsjfOa-fnrorvj<sjf\jcj 
ocooooooooooooooooo 
ooooooooooooooooooo 
I I I I I I I I I I I I I i I I 1 I I 
O' o^®»o fo 

K)o 0 '^^®ocro®®^ou^^ir 50 ff'o 


I III I 1111 


<M <M «0 e\i<\JCU<V<\JOJKiWC\Jf\J?OfNJ CV^K>f\l 

ooooooooooooooooooo 

0 oo oooooooooooo oooo 

1 I 1 I I I I I I I I I t I I I I I I 

O' ® \D ®m«\if^ ®«*<oo'tf>tf> ® O' ^ r*“ ^ 

iT) ® ^ O' -^ ® O' a- c\j ^ ® O' O' o O' a- 

lft 0 '*i 0 ^lrtfWl 0 »^O-® 0 -*^K> 0 'h»r)®O® 

— <ir 5 ^^ 7 n*-^rucv» 0 K 33 Ofgf 0 tr-N^cxir 


111 II III I I 


CN}(M(M(SI(\JC\jK>rv^<M<\JCV(\lK)fOlO<;nCM 
oooooo ooooooooooooo 
OOOOOOOOOOOOOOOOOOO 

I I I I I I I I I I I I I I I I I I I 

-s ® iT> o lO ^io®r'>0'0'®r'>‘iorw(\jor'.. 
tn^moofo tD«-«®r>(\jr>^K)t''‘(vo^oN 


I I I 111 111 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

000000000000000090000000000000000000000000000000000000000 

^^^^kf«.f«f.^p..^^..»>.» 9 S•Q 99 SX 90 ®SS 000 X®® 0 SX®® 0 ®X 009 XX 0 ®®®® 8 ®®® 0 S®® 0 S 9 

(Mrgrvrur\jrwfwf'JfNiryrwfgf>jrgogrgfgrgpgr\jrufyrwfV<VCwc^rtj!^^c\rgrgr»jcgrvrjc\jrurgc«jrgcyry«\/fMf^rgr\jc^fwfy<NJfwf\«rj 


278 



289 


) 


(• 


FIGURE FI 09 


fMiniOCM CMXMCJCVCMfMOl^ <SI^ fW 

oooo oooooooooooooooooooooooo 

0000 oooooooooooooooooooooooo 

1 I 1 I I t I I I I I I I I I I I I I I I I I I I 1 4 I 

o^f->c^«oo^<Mfnino(^«H^tAir)nr» 0400 ^oi*) 

<\> 9 ' 9 «£«^OOf 0 ^c 0 « 0 f 0 <M 0 '^«<« 4 ^C'Of»« 0 * 4 OO* 4 > 4 >C 0 


II II II I I I I I I II I 


OOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOCOOOOOO 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

o*^oo'Oo®coo^<\jinir>^^f**-f'j®(\joa' ® m ^ o^rufoo' ^ 
^®^o^ 5 '»^cg&'CMO^rgLf^oiriO:y^^f\j»oo^ m h- m »o 
•OW®CNJ® 0 ®r^fOt^®®®»^» 0 ®C\IJ^ KiC^J'OCNi vD »0 r\i (\i -H 


I I I I I I I t I II I I I I 



o o *n K) o to *o o ^ 
oooo oooooo 
oooo oooooo 


K>* 0 i 0 * 0 » 0 ^t 0 t 0»0 

OOOOOOOOO 

OOOOOOOOO 


•^» 0 » 0 » 0 ^ 0 *># 0 t 0 

OOOOOOOOO 

OOOOOOOOO 


•o*nr>r?»oKinto^o 

©OOOOOOOOO 

OOOOOOOOOO 


ooooo oooo 

090000000 


ooooo oooo o 
ooooo oooo o 


9 *>OOOOO- 4 »N--«^«< 0 l 

®® 7 - 

cgcgrgrar>jr«jPsi?gf^rwrg^^fNj 
eg rg rg cgrgrgcgrgrgrgtg rg rg 


f\jfgojfvj»ooo»o»o^^ a, j- ^ 

rgrgrgrgc\jrgcg(\trgrgrg(\jfgrg 

c\jcvcgcgcg(vcg(Mrgc^cv(vcv<g 


rg rg rg eg eg (grgrgrgrgrgcgrgrgrg 
rgegcgegrgrgcgrgrgcgtgcgrgrgrg 


®OOOS^ 9 ^ 0 '> 9 'OOOO 
^C^ff‘C^C‘^ 7 '^ 5'^0000 
eg rg rg eg rg rg rg rg rg rg^^ooo 
rgrgrgcgcgrgrgrjcg rg rg rg rg rg 




279 


002 


300«003 


FIGURE FllO 


C 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-OOOOOOCOOOOO 

iiiliiiiiiiiiiiiitiiittiiiiiliJtiiiiiiiiiiiiiiiiiiiiiiiii 

cooo'<cir)«HCNj^«4«4ioc^r^ino'09'^f»>^f^coo«f*«t^^o»^*4^tD^o^«oa>^cg9r<»0'C\i^«£>r*>^*oinir)<\iiM«<ooc\)OtO-^ 

r»>f»^(Oo^mr^«ocooof')<otf)0'«o«^f^ooo^iAO^^-«o^^o^«o^^iOkOO'Ooc'C>i>^9^^oocM<Nj<M9-tnir)Of00c\i 



•r)'nn*n*o*o*o*n*o 

ooooooooo 

oooooeooo 


•n*oK)tn<>» 0 'n «'0 

ooooooooo 

ooooooooo 


fO«OfOfO*n<o*o^«o 

ooooooooo 

ooooooooo 


^^inK>tot^o«*oo 

oooooooooo 

oooooooooo 


ooooooooo 

ooooooooo 


»o<oto»o» 0 'n^»o«n»o 

oooooooooo 

oooooooooo 






eg 


ooooooooooooooooooooooooooooooooooooooooooooo»^*^»^»^-^*^*^*^*<-<-^ 

rgrgrgegcgrgrgcgcgrgrgcgcgfgcgrgegegcgegcgcgcgcgcgrgcgrgrgcgrgegrgrwcgcgcgegegrgegrgegegfgcgegegegcgcgegrgracgrgeg 



280 






oooooooooooooooo ooo 

0000 oooooooooooo ooo 

1 I I I I I I I 1 I I I I I I I I I t 

^^irc?o^o*i^^o»no'®r^Oir€D ^ -h lo 


III I I I I I 


CM CM ^ CM CMCM^fMCM«OCMK>^CMCMCMCMCM 
OOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOO 
lllllittlllllllllll 
f 0 -^®f 03 -tnr**^CM^CMOKO 0 '» 0 » 0 :?C! 

CM 0 'OOO®O®®OMt*“lf)r** 3 ^^ 0 'OO 


I - I I I I I I I 


CM(MCMCMCM(MfOCMCMCM(MCMCMCMfMrOK)'OCM 
OOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOO 
I I I I I I I I I I I I I I I I I I I 
^«*OOlfta•O*0CW•^OCOCMC^OfSJO*0-M 
0 ^ 00 *-l® 0 ^ 0 ^ 0 (nCM<M(MCM^<OU^^® 
*^o®oo^oK>o*nh> r» 7 K — « in 


I I III II II It 




OOOO OOOOOOOO 

oooooooooooo 


ooooooooooo 

ooooooooooo 


»o»o‘ 0 »o*o*o* 0 ' 0 *nf 0 *o 

ooooooooooo 

ooooooooooo 


ooooooooooo 

ooooooooooo 


oooooooooooo 

oooooooooooo 


rMCMCMCM^**^^^^^ 9 9 9 9 Xi <F\ 


lOOO 

CMCMCMCMCMCMCMCMCMCgCMCMCMCgCMCMCMCMCg 




(MCMCMCMMCMCMCMCMCgCMCMtMCMCMCMCMCMCM 


O'© OOOO-^-^-^-^ — CMCMCM CMCMO'O'O 
«4(VCMCMfyCMCM(MrMrMCM<MCMfMCMCMCM<MCM 
0*0 •OOOOOtOOOOOOO'OOOOO 
(MCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



281 



2323*003 


« 

FIGURE FIT 2 

c 



»ncjf\jf\)cgc»jroforon<\i<\i co cm <\j oj cj kj 
oooooooooooo ooooooo 
ooooooooooooooooooo 
I I I I I 1 I I I I 1 I I I I I I I I 

— < »n cc :T ^ O' *-HC^•n crr*«&'in»o*^»ocvoa^ 
3’CocDir>a'sOK)^cD\or^oh“<Moa'»£><o<M 
^^sO^^^(Voocwr)0' ^ ^ eo O' <v ^ 
<m»o c\kcm ^ »o cc 

I I I I I I 1 I II 


CMCMCMfOCMCMCMCMfOCMlOCgCMCMtUCMCMCSICM 
OOO OOOOOOOOOOOOOOOO 
ooooooooooooooooooo 

III I I I I I I I I I I 1 I I I I I 

«-» if ^ CD 

K>OOf^Otf)®O®OO 0 '®®l/^CMO-^CV 


I I I I I I III 


CMCMCN)CVCMtOCM<M»OCVOCMC\!CV'nC\»C\J(\) 
oooooooooooooooooo 
oooooooooooooooooo 
I I 1 I I I I I I I I I I I I I I I I 
■S‘«-» 0 'Klf)C\Jiro» 6 ttOD'JJ‘ CMf^ 

«<«K)K>^iOiDO® a O' a ^ m m CM 


I I III 1111 111 




00000030000000 ® 0000000000090000®000000000000000000000000 

® 030000090 ® 000 © 9000 ®-® 0 ® 090 ® 33000000090 ® 0090009000000©000 

a a a a Si >f* ^ »®®9-®5'S‘ O' O'-O' ^ •a ^ z> ^ -*.cm cm ^ ^ vm ^ ^ ^ ^ a a a a a 

fW:M?g0jfMrM<MfMtVfM?VCVf\tfVCMfM<N»C\JCM«VJVCVSMCV;WnjJMCMtMtMfM^'0^O^O^O^O"^^^^^f0OOO*>«^OOOO 

ooo’ 0 * 0 'no 0 'no-^o»n'on^oo*o«n^»oo»>' 0 or>^ 0 'n* 0 ' 0 ' 0 *o»^ 0 ‘ 0 oio»oo" 0 »ooo»^»n-o* 0 ' 0 ^“^' 0 *o«^*n 

CMCHCMrMCMrsiCM'MTMCMTMCMCMCMrMCMCMCMCMTMCMCMCMCMCMZMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMrMCM 


«**«*«•***•*«••(«*« 1*1 


282 


coo 


233 b»OOJ J • : I-. 087 q 




FIGURE FI 13 

c 


ooooooooooooooooooooooooooeoooooooooooo.oooooooooooooooooo 
oooooooo o o ooooooooooooooooooooooooooooooooooooooooooooooo 

I I I 1 I I I 1 I I I 1 1 I 1 I I I t I f *1 I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I 

II I I I I I 1 1 1 r r r * r r I I r * * * r r r r * r * r r r * r r r * r r 



» 0 » 0 ‘ 0 * 0 « 0 o^^* 0 * 0 * 0 O' 0 ^' 0 ^' 0 »n> 0 ' 0 o*or>^* 0 ^* 0 o» 0 *n' 0 ^^' 0 » 0 » 0 ^' 0 » 0 * 0 » 0 ^^K>K>» 0 ' 0 » 0 » 0 ' 0 ' 0 Oo»r>* 0 ' 0»0 

00000000090000000000000900000000000000000000000000000000 

09000009000000900000909090000000903000900000000000030090 


oo»oo^in^'0*oo'o*ow>oo^«^»ooo«oo*ooo*o*ooo«o>o*o"^'^'0^.»oo'0*oo»>'0»0'0oo*o*o*o*n^*o»^'nio 

fwryrvrwr\<PWfwrwiVfV/Vfv<vfvrNjrgfwfWfW(\irw:vfVcvrv<Vf\<nirwrvrwrvfw<V<Mrgrgrj£VfVfwrwrwrgcvrvfwfVCS/<Vf\<fMrgrg'Mrg 


283 


2 j<«b*OOJ 


FIGURE F114 


C- 


ooooooooooooooooooooo 
oooooooooo ooooooooooo 

I I I 1 I I I I I I I I I I I I I I I I I 

fOO'*4h..(M(r>of»*^Oin^«Atro«n<>j*40«4in 


I II III II III I I I I 



»o*n «o»o»n<noo^»ooon 

oooooooooooooooooooo 

00000000000000900000 


♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

K)^o»oo*nn-^o^^^^o*o^oopn'0 

rarwrwe^ryc^Jrwf^<vrw(^c^cw«w(Vfwcgcyc^c>l 



284 



CURVE 'A' IS A PLOT OF BASE VERSUS TIME 




FIGURE FI 15 



.9 

9 

9 9 

9 

9 

rt lO lO 

rj 

CO 

eg eg 

fsj cv eg eg CM 

CM 

CM 

CM 

CM CM 

CM 

CM 

CM 














O 

O 

O 

O O 

O 

O 

o o o 

o 

o 

o o 

o o o o o 

o 

o 

o 

o o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

. O 

o 

o 

O O 

o 

o 

O O o 

o 

o 

o o 

o o o o o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1 

1 

1 

1 1 

1 

1 

1 1 • 

1 

1 

1 1 

1 i 1 1 1 

1 

1 

1 

1 I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


o 

*>v 

w-i M 


o 

r- fo o 



If) rt 

vO O' iO ^ 

o 

CM 

O' 

3 9' 

O' 

m 

CM 

O' vD 

O 3 


«X) 

m 

CM 


in 

C 3 

U) 

(V 

o 

O' 9 ® 

<\l lA 9 

o 


9 o 

® ® ^ CD O' 

c^ 



O 

o 

a 

If) 

K) O' i£> CM 

O' 

vD 

lO 

o 

^ o 

<£> CM 

3 


9 

csi in lA r- 

O fO ^ 

o to 

3 O 

9 O' m o vO 

CM 

3 

9 

o ® 

9 

o 

e- 

O 

o 


CM 

CM 

fO 

9 

iTi If) vO 


r* 3 


K) 

r*- 

O' 4A ® 

cv 9 r- 


•H 

CJ 

eg CM ^ 9, 9 

If) 

If) 

3 e- h- 

3 

a- 

O' 






vg 






w4 


• 

• 


• • 

p 




-• 

• 


♦ 

-• 

• 

• • 

• 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O ^ 

9 

9 9 

9 

9 


CM CM CM CM CM 














' o 

o 

O 

o O 

O 

O 

O o O O 

ooooooooo 

o o 

O O 

O 

o 

o 

O 

o 

o 

o 

o 

O 

O 

O 

o 

o 

o 

o 

o 


- oo 

i/ioooooooooooooooooooooooooooooooeoooooooooo 

< I 1 « I I I I I I • I I • I I I I I I t I I I I I I I I t I I I I I I I t I I I I I I 

® 9 €>i tf) tfi o o^«Do^o^movOCNjo^ovD90h>oo*^cNjc\it09intnvOKr*»®®a'0 

iiirr***^^"*^** 


< 

> o 
o 
X o 

X ^ 

m4 

X O' 

X • 


UJ 

X 


(/} 

3 

in 

a 

Ui 

> 


u. 

o 


a 

< 


ffi 


UJ 

> 

2 

3 

u 


w 

D 

< O 

> o 


X 

3 2 
X tA 
*-• 2 

X • 

M I 

X 


s 

ffi 3 CD S S 

CD X 3 3 

ffi ffi ffi ffi 

3 3 3 3 3 

O 3 ffi S 

3 3 3 3 3 

3 3 3 3 3 3 3 3 3 O 3 3 D 3 3 ••••••••••••••••••••»••••••••••••*•••••••••••••••••••• •• 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

0000000000000000000000000000030000000000000 

XOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOO 
— r\jrjc\jruf\*rufw.'wfwr\jcgfvjcvfwryr>jrgruf>jrgrgrwryrgPijf>jCMrg'Nif>JfVOJf'jr\ir\jr\jcgcjruPvj<>jruM 
*exojrs^(^<^c^(V(V(vrv(VC^c^(^rgrge\jrwcv<Vcgrycv(^rg«w(V(VN(V(MAjA<c^cgoj^«<>JAicv(ge>jryi 


100 



220 V*U 03 


FIGURE FIT 6 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCC 

I I I I I I I I I I I I I I I I I I 1 1 t I • I I I I I I < I I I i I I I I I I I I I I I I I I I I I I I I I I 

cu«\iojcgcgf\icgc\jc\j<Nic\j<M<MC>iruc\j»o»o»OK 5 ^K^io*o*ort*or> r^-r>fo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

I I I I I I 1 I I I I 1 I 1 I I I I I i 1 I I I I I I I i • I I I 1 I i I I I I I I I I I I I I I I I I I I 1 I I 

ojrjcs;cNjosj<\)f\icacMf\jc\j<\irdc\(<Njc\jK)roK^K)»o^K 5 »o«o^^rtOO»ooK>>o^ja^ 33 ^a^ 3 ^aa^jj^-- 3 - 3 ^^Lnx, 


03 (Q CO S O 


(D CD C CD CD CO 


tT\ Q (Q ^ 


CD CD CD ^3 S 


ooooooooooooooooooooooooooooooooooooooooooooooooooosoooo 

•0 00300000000000000000000000000909090 0 9 OQOOOOOOOOOOOOOOOO 


99 ‘ 7 ‘ 00000 «••«•^*«*^CW^W<^(VC^J^• 00 « 0 ^ 99 ^ 9 • 9 ^/)J)J^ln< 0 «D•X>^<D'**‘^‘^^^>OOCOOS) 9 '> 9 'C ^(^^00 

car«jC4c^r4cacsiC4CucaC4r<4CVCwrviCvo4Cvjrvr4rwcxcv<vo404NOjr4r>jrvNrwcucMnjojoJNrucvrMr>jtwc>irgrvjc\j(MrgrMr\i(\Jcv^fV 


286 


001 . 5379-001 




FIGURE FI 17 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOQ 

ooooooooooooooooooooooocooooooooooooooooooooooooooooocooc 
' 1 ' 1 I I * ' * * ‘ * I * < * * I 1 < I I **>•>>>> I I * * I I I * I i I I I I > I > I I I I I I t I I I 

rgiOC\inK^S9>l/)K)r^«CQ^lf)Ott«fitDCM09'^onoC09'0<DO^O^CWO(Dir)0«-«K^CM«bf^tfO<Or^(Mvr)'09;f>CCC(\)v: 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOSCOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOS 
i I I I I I 1 I I I I I I I I I 1 I I I I I i I I a I I i I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I 

(Njr)(\)fnH9®9'U^Of^®®9'tf)O®®l/)<\)®0'®OK>OO0'O®9'OK>CSJ\0®®O«HK3-(M®r^^®Or^<Vir'09l0®OCs.<<0 


\ 


® ® £ 


B B ® B B S B 

^3 CD B S 

B B B B B 

BOBS 


B B B B B B B B B 

bbbbbbbbbb 


OOOOOOOOOO 

0099300090 


ooooooooo 

900000900 


*o*n*^^»o»n^»o»o 
OO 9000000 
000090090 


OOOOOOOOOO 

0900900900 


OOOOOOOOO 

090000000 


•n«0'00^o^*n«^»o 

OOOOOOOOOO 

0000009009 


rNjc\j(N<rgrgrgr^cvrvf^«vr^rg<VT«jcNfycvryf^fVJ^r^rvjrwcwrgrgrg«vrgrgPs<f>jrsirsjc^cvrvnjc\jfgf>jrvcjoj^»0*^^o^*^*0^*0 

pjrw%ru<^f^fVf>JC>jpgr\jrsjcgoj-<^rwfwc^fgrw%rV'<>J'V<^rg'>j-fv<rNjrg'>jrg:>*cvfvry.c>jr^rg.t\iOjrgrgrNirNjrvjr>jrsj<\irurgfVfNJf\jrgro 

c\ifNJfvrv»r>iC\<cgrgf^f>irgr\jcgrgrgrg(vrucwrgfwcv«MrN»<vrgrgc\ifgpgrwcjrgcgrgr\jcgruf\<c>jfNJcgrgrgtM<N<ojrgcwfs<rgojojrgfgrg 


“1 


287 


7Z3 


roo+zfzz 



FIGURE ms 

C 



oooooooooooooooooooooooooooooooooooooooooooooooooooooooos 

oooooooooooooooooooooooooooooooooooooooooocooooooococcooc 

t I I I I 1 I I I I I I I I I I I 1 I I 1 I I I I I I I I I I i I i I I I I I I I I I I I I I I I I I I I I I I I 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooooooooo&oooooooooooooooooooo 


I I I I I I 1 I I I I t I I I 1 I I I 

r*“ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 


I I I I I i I I t I I I i I I I I I I 

Q Q O O O O' O' O' O O O O O' O O' O O O' O' 


I I I I I I I I t I I I I I i 1 I 1 I 

«3'^a- ^a-in»Ovor'-r-®0'0^*OLr5No 

O'O'O'O'O'^O'O'O'9'O'O'O'OCOOO^ 


■1 


OOSffiOOS SS ffi D O ffi O ffi 0 0 ® 0 ® 0 

0000000®®®0®®®®PC00®P0O 0 P ^ro 0000®®-® 


0 O 0 


0*0^ *0 *o *n •'> <o 0*0.0 oo*ooooo*oooo*oo*o*ooooo 

OOOOOOOO 0009000000000000000000 

oooooooooooooooooooooooooooooo 
« « « ♦ ♦ ♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
<vfMfs»fyo*o*oo*i^».»^;rj^inj^/>/).o^^o-0'Or*r'-''-f**^® 
O *0 O ^ >0 ^0*0»5^»>*0*^^0^'000*^0^0^^0^ 

?Vrw.'V<V.‘VfV<V'V'V-‘V:wfWfW.*WfVfW?VfVfV<VfWJVfVfV<V?^tM<MfMfV 

rgrgr>;rvf\jrsjr^rg ojrgcyrgfwc\jfgryrvrgc>j'>jC^fVJM fM-oi eg eg cm rg 




OO^K>»00*0*OfO*0'0<^«^*0*0*0*0*0^0'0*0*0*0<>'0 
oo oooooo oooooooooooooooooo 
OO oooooo 000000000000000090 

♦ ♦ ♦■♦♦♦♦•♦ 

©» »»0‘^y'>»‘OOOOO-^-^-«-^-^M0i'VM<MO*n 
(v^s^c^rgMcgryrycMrg:^cvrvrw<M%(MC\joi^<VM(M^M 

ojpgfgtNiCNifgfNjrgrgrgrucgojCNjojojfNjrvjrNjcgcvcgcufNjrgr^ 


« « 


288 





FIGURE F 119 


I 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCOOOO 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I » I I I I I I • I f I I I I I I I I I < I I I t I f I t f 

*--Hfwr\<<\)»OK^.^^miriD»CvOf^r“f^«D<D^CT‘^oo^*^^cyfvou»OK5io^^^Lr>iALr)Lr><i>.^^c«rr^^^r*-r-ccc'CC^:3‘^oco 

^•K^‘^‘^>^>'^»^»^^^‘^*■f*■^o^•r^r«■^^^»^-^«^*>^^0tftC<OtDOaOACDCOtDCDCDCDCSttCD®®tD(DOa>O0cCQCOCDecOCD(^9'(^ 


oooooooooooo 

oooooooooooo 

I I I I I I I I I I 1 1 

10009 ®Cdf^»^ 0 O 9 ® 

^ ^ ^ I 


>oooooooooooooooooooooooooooooooooooooo 

300000000000e00000000000000000000000000 


ffi O ffi s o 


0 CO ffi (Q g> ji fn 


ffi ffi ffi CD ffi CD 


C p p g> ffl CP 


P O P ffi s S P P 


p p p p p p p p p p p p 


• 0 * 0 « 0 » 0 ' 0 » 0 ^^* 0 * 0 ^' 0 ^» 0 » 0 * 0 ' 0»0 

oooooooooooooooooo 

000000000000000300 

♦ ^ 

rwN.M^tvrgryrg.'vrufVfy.'Vfv'^'^.'vrv 

cwcvcwcy?vcvcvcvcw(v<v<vcv<v c\i rg cvcv 


ooooooooooooooooooo 

ooooooooooooooooooo 

f>^fw^f^S)OPOS} 9 ' 9 ‘ 7 ‘ 9 > 9‘00000 

tvc^i!v^^:v<^»♦'v«V^grg^<^ge^J^M^grg.■M:^i?^J 

<VCV<V«V€VCVCWAfCVfVCVCVCV<VCV(VewCVCV 


OOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooo 

♦ ♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦ 

0 0000000000000000 0 «<^ 
<VCWCW<VCVCVO/rV<VCW?V<VfWfVCV<VAifVCV 



289 



Z;ibM *003 



FIGURE FI 20 


oooooooooooooooooooooooooooooooooooooooooooooooooocoooooo 

ooooooooooooooooooooooooooooooooooooooooooooooocooooooooc 

I I I I I I I • I • I I I I I I I I I I I » I I I I I I I * I I 1 I I I I I I f t I I I I I I I I I I I I t I t t 

»^,^w^«Hfsif\icuc\}Ai<MK)rtKjr5r)for)miOrtin^»OfOrtK)r)#^f0^r5fOfOi*^»OK5K>r>3-3-^^3‘intf5min\CbC\cr*t^ccoaa 

(y'ff*^y‘ff‘0'0*0'0'Q*0'0‘0'0'0'C^c^o'00'0'0'ff‘C^O‘(y'0'ty‘0‘<^*0'0'0^0'0'0*0‘0'0'0'0'0'0'0'Q'(y'0*0'0*0'£y'0'C>'0‘^^c^c^ 


>000000000000000000000000000000000000000 

>000000000000000000000000000000000000000 


000000000000 


£ 0 {CC'C£Sffi 00 fC 


CD D ffi CD CD £ CD CD O OSS CD O S O O ® S S O CO S O D SOSO O O O O CD S O S 


O ffi CD O C S S 


<^^^f0»o»o»o«n'0»o*^»o^*nto»o>n»o»i'n»oo»0'0»oo»n«o»o^o>o»o*o»o»o»o»oo*n^^»n<nf0'n>o«n»o»n"^»o»0'00'n 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 





290 


001 



22 b 6 » 00 J 


FIGURE FI21 


I 


ooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOCCOC;OOOOOOOOOCOCOOOOOO^-^-^^^-^«-»*-i-^-^^-^-H— — 


O O O C c o 

c o c o o o 

O O O C o o 

»n r- ^ IT/ c :t 

<NJ CC lO K 5 

(V «\i cv CM cv fs; 


oooooooooooooooooooooooooooooooooooooooooooooooooooooooco 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oocoooooooooooooooooooooooooooooooooooooooooooooooooooooc 

3 ^cw^oo'<Nj«co^®#o<o<\ir«“^%ooirjO'»of^«-ttoc'^®*oooiof^*H»f>otf>o^O'(V\fioa‘cc<viro»^r«--^ma'Ot^^if;o 3 - 

OO O® OOOO eVCN) (VC\1C\) (NJCVCV 



i 

i- 


ft*! m C C CD ffi ffl 


ffi S ffi O CD C 


O ffi O CD CD O ffi 


CD CD CD S O (D CD 


CD CD CD CD CD C 


ffi S ID S ffi ® ® 


CC £ C ® C CD ® 


X C ® Sj CD C. 


OOO OOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOO OOC OO o 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

<D <0 «D «D O >D -0 O ^.*D 

JV'f^ ‘VNfNitViMOJ 

f^cgfM<Wf^^<Mfy^yf^f«f«f^cwcw<^^tvcv?wcvcv<vc^cwoJWC^c^cvcg«\^«^WfW<VNcv^^cwc^c^<M^^<^*^^lcg<^JCMCMcg^^c^JC^*rycg<yfg 


V K 


! 


291 


2277»003 




FIGURE FI 22 

C 


OOOOOOOOOOOOCdOOOOOOOOOeOOOOOOOOOOOOOOOOOOCOOOOOOOCOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

a>'Oh‘nco*09'ir)0)n^«c<M^^(/)o^O'90io^f*‘CMr»cv%D^«c^tflA^ 9co(vo«^iAcDCN}h>^^ oir>oino'*oGccM«cc a- cc 
70^^ir)if>o*cr*‘<o®0'^oo^^(\jfsj<MK^^^tntrivD\^f*-r*“«oeDO'0'0'ooo^<-tc\jrsjcsjK)»03-j^irLf5yDvD>x>r-r»“CCcca'a'a' 



OOOOOOOOOOOOOOOOOOOOOO O O OOOOOOOOOO OOOOOOOOOCDOOOOOOOOOOO OS 

ooooooooooooooooooooooo o o ooooooooo ooooooooooooooooooooo oo 
OOOOOOOOOCOOSOOOOOOOOOOOOOOOOOOOOOOSOOSOOOOSOOOOOOOOOOOOO 

^^^irifi®»flr^®® 0 'a'Oo^-^<\jcsjc\iK^^^tr»in®®f^f**®® 0 ' 0 ' 0 'ooo«-»»HC\jrgfNjK^f 0 it 3 -intr 5 vc®®f**K®oCT' 0 'CT' 

fO *0 K># 0 l 0 rtf 0 * 0 ^^i 0 ^ 9 a 



OOOOOOOOOOOOOOOOOOOOOSOOOOOOOOOSOSOSOOOOOOOOOOOOOOOOOOOO 
O O O O O'O OOSOS0990SSSSOOSOSOOOO S-S OOS SSSSSS00OS0S900SOSSSS0S 

***^osss 90 ^>^ 7 ‘ 9 'Ossso- 4 <^- 4 <i 4 « 4 :y<v:>i(^(W*o^ or) 

p«.^»^..f«r>.*<»r»^fs.^..r»^..®S 9 ®SSSS)® 09 ® 9 ®S 9 SQSSS 9 S®® 9 ®®SSS®®S® 9 ®SSC 9 CC S 9 
rwt^t^fvrvf^f^fgpWcwfgrg?^rg{vrgcvfNJrwfvcgrgf«rgcwcw«v?vcvfVJrgc>jcvr>jfwrvfUcgfgf\j(vojrg;vrgf>jrsjrucwf\jrurgfgrg{>jfNj 


V « 


292 


I 


FIGURE FI 23 


! 


ooooooooooooooooooooooooooeoooooooooooooooooooooooeoooooo 

000000000000000000000000000000000000000000000009000000000 

ooooocooooooooooooooooooooooooooooooooooooooooooooooooooo 



ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooeooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 




t 


■nfn’n>0f0'nr0in’ntn.'^i0inmi0infn'n>ntntnf0>n'0f0in>0infn 

00000000000000000000900000000 

ooooooooooooooooooooooooooooo 

>a' 0 ‘J»^ 00000 -^»^-^w^f\ICNJMJ^eMJO« 0 ! 0 > 0 »Oa“ 3 '^^ 
CMCMfMrMCa^jrUryj^MCMCMfMOJCNJCNjrM C\IOJOiCMCMC\{CM<VJ^<M^(^CM 


y>infO>ni^tOroin/ntn^‘n:nt*^yifntn/ntnfO'nfnfonmf^^tn 

oooooooooooooooooooooooooooo 

0000000000000000009009000000 

CNJCMCM(Nl?\jrgcvlCMC>4<MCM:M(MCMCMCNiCNJCM(MCNJAJ<>JC>4(>JC\JC\JCM<M 


293 


003 ; H I .18704000 .1870+000 




FIGURE FI 24 



!' 

oooooooooooooooooooooooeoooooooooooooooooooooooeooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 




OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 0-0 oooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

iro^e«4'i^o(M?ooofn-.rh»ocMin«Af»r»(00^(M^tnr*»^oocsr^>coor\jioiDvOh‘9'0(MK)m<o«£09‘0-4^«4«40o 





M M *■* M *■* *** M M <■* *** S ffi ^3 S ffi CD S S S S O S ffi S CO ffi S S A 03 O ^3 

£ £ £ ^0 £ £ ffl £ £ ^3 £ £ £ £ £ £ £ ^3 

££££££££££ 

£ S £ 


i0-0r>»0O»n»0!0^-0'0>0(n-0O'0i0»0f0'0^f0'0>0‘0o»0i0 
0000000000000030000000000000 
OOO OOOOOO OO OOOOO 0-0 oooooooooo 

ooooooooooooooooooooooooooooo 
-oo-o-^.-o OOOOOO !0ior).oo'00i0to^-n’0f0-o»o*o^'0 


OOOOOOOOOOOOOOOO OOOOOOOOO OOO 
OOOOOOOOOOOOOOOO OOOOOOOOO OOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

££00>-f*'*^*r'»r*‘0t)«‘0a)^a'3'3'3'ooooo-H*^‘^*^ 
0000000000000000000-H^-4W-H-^*^«-» — 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 
C4C\J7Sjry|CsJCNJC\|M(MrsJr'JCNJ(NjrgMCM(\i04(M(MCNJCMrMO|040JOJCM 




2JU + 003 


FIGURE FI 25 



c 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

O' O' O' O' O'O’ O' O' O' O' O' O' O' O' O' O' O’ O* O' O' O’ O' O O O O’ O O' O O' O O' O' O' O' O' O' O 0 0 0 0 0 0 0 ®®®®0C®0®C®0 



ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
Ot’«-®Of\J*^O 0 '®®®l 0 »^O®f'»Kf*'^f**®®®O<N*O®®^»<®tA^O®C\J®OO®^®C\J®OO®^O«^N-^®O®O ®0 
O O O'OOOOOOO O O' O' O' O O’ O O* O O' O' O’ O O' O O' O* O' O' O' O O' O' O O' O' O' O' ® ® ® ® ® ® ® ® ® ® ® ® o ® ® ® ® ® ® 



ffl ® ® ffl ffi ® 

CO CD CD ffi ffi ffi ffi 

ffi ffi ffi ffi ffi 

ffi ffi c ffi ffi 




oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

90000000900000000000090909090090000030000000000000000000 

o*o^r>o»o«o^»o>n*oo^^‘noo*'i» 0 ' 00 io^' 0 ^*o^^^o^oo»o*o^' 00 ' 0 »o^^^*o»oio*o»oo^*o*n^o»no 

cMo<<v«w<vcv<v<v<v«¥<M<vcv<vty<w<w<^cvcw«vc\i«v«v<v«v<w<M<vcwcvevcvcwevcw<\i<v<w<v<wjv<VfW<vs'/<v.'vrw<vo<<voi<v«wcv 




2J23*003 


P 


$ I t 


p p r 


FIGURE FI 26 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOdOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOC 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOCCC 



ooooooooooooooeooooooooooooooooooooooooooooooodooooooooco 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOdOOOOOOOOOOOOOOOOOOOOOOOOC 

»o®fnar 3 ‘ 0 >£^o-^OfMf^*oa'in-Hxa<\if^*oc'if 5 ^f*“foa'\D»oof^^^®ina-f\JO'h-tno\D 3 -fNJO'\£!OOf«‘*o?'\c*occvrs- 


V 


ffi (D ffi CO 2) S 


(B ffi CS O CO CD 




ffi CD ffi 03 CD (B CD 


ffiCDOS COCDCD ODOO CDfl3Q3 


CDSCSSffiCCCS 


CDIBCDCOCDIDflDaDS 


00009000 

oooooooo 


-1 O ^ "O »o <> 
o o o o o o o 
o o o o o o o 


»n* 0 ' 0 o«n»n»n»o»o 

ooooooooo 

ooooooooo 


o *o *o »o o »o »o 
o o o o o o o 
o o o o o o o 


•O^'OO^^O^O 

ooooooooo 

ooooooooo 


-0 »o *o *n *o o 
o o o o o o o 
o o o o o o o 


* 0 ' 00 'n*o^'n* 0'0 

ooooooooo 

ooooooooo 


•n O <0 f» r- r- » 0» » O > ^ > 7 * 0 * OOOOO-n- 4 ^— 

ojfM.^jcvfw?VfvfVJ^-«wtvf^twfwf\)f\j<vfwcMfV<V-?MCVcvf\i«Mfyrgt^fv?wfvrg»o^»^^^o^^o«^o^oo* 3 « 3 ^ 0 ' 0 ^< 5 'o^ 
• 0 ' 0 ^‘ 0 ^o*no«oo«^' 0 ^ 0 ' 0 ^ooo' 0 ' 0 oo^o*nooo*oo^io^*o*o^' 0 ' 0 'n^o*^oo*oo»^oo>o*^'n*^, oo 

rNjf^rgrgrgrgf^?v<ypgcvfvrgrijrgrg'vfura'Ncgryrw(vcv«vf\if>Jcvr«c^cgc^<NjrurucNJCN<fvf>jrgcs»fur»irgrwfgrwc\icgfvPNjf\<'N'xrg 


W o W W # 


% ; 


296 



FIGURE F127 


oooooooooooooooooooooooooooooooooooooooooooooooooooooocoo 

OOOOOOOCOOOOOOOOC300000000COOOOOOOOOOOOOOOOOOOOOOOOOOOOCOO 

oooooooooooooooooooooooooooooooooooooooooooooooooooocccoo 

^^r^ir>^«HO®r*-ir» 0 »^ff'{ 0 r-f^f^r*f*»f«-cDc 0 ff'o«fNj* 0 :j^u^^ 0 » 0 t^b“® 0 'ooocooo 3 '®r^vC»C 3 - 3 ^« 0 f 0 <\j(\}*^*-« — 
Off‘C'ff' 0 ' 3 'D'CDffl®®Cf^f^f~'f*‘f^f*“^^N-f^f^f»tf< 0 ®®®®®®®®®®O 0 ' 0 ' 0 ' 0 ' 0 ^C‘ 0 '®C 0 CC 0 DCCC«c 0 C<COC.<r> 0 t 
®ir>inir)®inint/)irmtOkninininin®®intnio®ifti/)ir>®intD®ir>®®ir>u^io®inirkr>®if)iCiD®inmvr>ir.mirinioinirin4r/ir/ 



ooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooo 

oooooooooooocoooooooooooooooooooooooo 

OC^^C^ 9 '<^ 9 '®®®®®^»^^^^^^^>^•^>K^>^»^>fi®®®®®®®®®®®®C' 


ooooooooooocooc osooo 
ooooooooooooooo ooooo 
oooooooooooooo® ooooo 


OOOOOO^CN^C^^fOfOJVfV-^-* — 
0 ' 0 ' 0 ^ 0 'C^(T'®®®®®®®S®®®®®® 
iftinininiftininininininininminininminir 



m m 


oooooooooooooooooooooooooooooooooooooooooooooooooooosooo 

OOOOOOOOOO-OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


^ ^ Si ji s> ^ ^ ^ ^ -D ^ :o 9 :d > y- O' ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

9 -9 9 s s- ^ .9 s 9 9 999 9 99 99 9 99 9 

r^NNNCW(^^cwN7^rv?wfw^c^cvc^N<^<^^fw!v^(v^^^<V(^cy?>jtw(MCV(MOJ^(Vfv^(V?>iic^<Mr>j^rti(vrvjoi<Nj(\jrM(V(V 


iJ 4 b *003 


f OOtQhf Z 




1 


r f r 




^ ^ 




FIGURE F128 

C- 


ooooooooooooooooooooooo 

ooocoocoooooooooooooooo 

ooooooooooooooooooooooo 

^ ^ COff'Of»h>U3lf)^^(Ni^^OOO'<DOCOf».f*> 

cc>oeor^r-h-h>r^r^h>r^Kr«>h-f*»fotCsO«c«fi^4£ 



ooooooooooooooooooooooo \ 

ooooooooooooooooooooooo 

ooooooooooooooooooooooo 





CL X X &i a: a: X- 




! 


ooooooooo ooooooooooo oo 
oooooooooooooooooooooo 

-ft Tifi 

o*o»o«o«noo«n*o»o^'no»o‘0^oo«^<o*no 

cvjCNjfgojrurgr'gryc^fvrwr^f^rgrg^jryryrwfurgtv 


^ ^ 4 


4 4 4 4 4^ 


• 4444%k%%% 


> 


298 



CUHVE ••• IS A PLOT OF THETAX VE«SUS TIME 


FIGURE FI 29 


<OOCOOOOOOOOOOOOOOCOOOOOOOCOOOCOCC'CCCOCCCC 

►-OOOOOOOOOOOOOOOOOOOCjOOOOOOOOOOOOoOOOOOCCO 

xio^^^ir54nmin%o,c^r*‘b“f*“®®<c^Q'^0'ooo*M^-Hf\)CNjcM*o^K)»03'^^jrir)ift>D 

m^rt#o»or)io«riiOfOiOi^io»o^^^*or)io>o*OK>K)fO»oin»nio»OK>»nfnK)mpn»n»n»oK) 

>- o^»H«-i^»M^^^^^,-i<vc\jc\jruf\jf\JtNjtNjCjcMtMrsie\icv<vc\)cyojrjcMCvrjt\,'rot\}tvcocu 

< OOCOOOOOOOOOOOOOOO&OOOOOOOOOOOOOOOOOOSCS 

»- OOOOOOOOOOOOOOOOOO^OOOOOOOOOCOOOOOOOOOOC 

xoo^^QtncNtO'oioor*' a- cr oo*^cb^»^^j^insDKf^® 0 ' 0 'o-MC\)c\if 0 ^ cr sC vc r*» c 

oo®^<wo®®3^<\)o®®o»H<\ifv^^if5®®r«*®a'Oo-^f\»»oa‘irtift®h»ca‘ac^c\: 

oo«HCvi^^«iO®f»®®o^^* 4 « 4 « 4 ^*^^^w^» 4 ^cj(Mf\)(s)c\rcoc\i<\teycviCMc\)cvK>fOfO 

X •H-^r>JC\J<NiCU«'J<\»<\»<NJCJ<\ICOt\JfMf'JOU<\if\it\Jf\JCOK)K)^K5K)rO»OrO’OFOOK)»0»0^»nfOTO 

< oooooooooooooooooo®ooooooooooooooooooooo 

f- OOOOOOOOOOOOOOOOOOQOOOOOOCOOOOOOOOOOCOOO 

Ui 44444444^44 44 444-4444444 44444444444 4 44 -*- 4 4 

O'lON-^-iro'^ecevLCo ^ ct\jr^ «-< m 
^o«4Cwc\j®otf®r)r*>^ir)0^for<«-*4®09®(Nj®o«4moa^O'K)rM>(Nj®^inotf®»or^rg® 
o^or^f*-oj®oir)a'^®r»jr**^®otn^i*^®r\jh-oo— «-^«cvcoror^3-^minir>\0®h-r- 




u 

UJ 


X 

X 



M 


►- 

t— 


(/) 

in 


3 

3 


in 

in 


s 

s 


UJ 

UJ 


> 

> 


>• 

Nl 


< 

< 


►- 

»- 


UJ 

UJ 


z 

z 


f- 

►- 


u. 

u. 


o 

o 



i- 


o 

o 



-1 


a 

a 

UJ 




< 


-J 



< 

in 

1/) 

> 

*1^ 

M 




X ' 

» 

• 


< 

c 

X 






2 

UJ 

UJ 


> 

> 

X 

X 

X 


D 

3 


u 

u 



:<c <«.<<<< <«<<<<<«. c<<< 4 ‘ 

I fo ^ 4)ir>^o^*n^oo»oo'0^n’0»no^0' 
'OOOOOSOOOOOOOOOOOOOOO' 
>00 9000 ^ 300300909090 d 9 : 

♦ 4444444444*44444444^' 

09 O O O O so 0000390000030 : 
»ryr>irgfMfVCM:vMrgrur< 4 fUfsi<v»Mrgrgoic\<rurM( 
ir^rgf'jrsjrgpgrgrwfNrfPursirgrgrgfN/rijfNjrgf^Ojoj? 


299 


2 ZOe«OOJ A « B I . 1009+003 . 3300+002 


FIGURE FI 30 


C 


ccooooocoocoooooooooooooooooooooooocooooooococooooooccooc 

ooooooooocoooooooooooooooooooooooooocoooooooooooooooocooe 

^io»OK^to»nr)K)ior 5 io»^ior 5 »nK)fOfn»^*nr)rj»n*or)ioi^^*o«««K)Ki»or>^r^»or>»oiOfnmr>io»nmfnK)mo»nK:io»o»n 


CM(>/CMrMCNJCgC\}(N}r\}C\)CNt(N)C\lCg(MCd(VrslOj<\i(\)<\tCV(NfCWi\l(M<N)(MC>iCSJC\)(N}CMtMCVrCsiCiJ(\)C\)(\jeNJC\irjCOCVC\((VCNjrg(N}(\lCM(\JCO(V 

ooooooooooooooooooooooooooooooooooooocoooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOSC 

®^“l^JfO•M^^«.^ft»o^<^K^n»o•-^o^®,£^<^JO®®^cMo®®^<Mot^h«•^n^•HC^KlnK^•-• 0 'r»•lf)^oc^Jo®^D^CkJo®®^ 

i 03 'in®r^f^® 0 'o*N^fMr):rin®®r^ffi 0 'Oo^<Mrt^^m®t*‘®® 0 'o*H 0 jc\i^ 3 ^ir. «oor-®p'o+«'^cv» 05 rmir®r^ 


io^r>^«ifOO»o«^»o»ort»oiort»Ofnio»o»Ofnrt^io« ^ *o »om»OK)K>^K)»o»OK 5 fo»oo^^K)io»n*n»o»oK) 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOD 000009 


c 

o 






«^l0^fO»OfOfO>OK)IOK>fO»OfO»03^4r 3- 3 3 3 3 


0 ffi CD ^0 ® CD ffi 0 S ffi ffi CD CD ffi CD 


&<<<<<<<<' 


<<<<«<<<<<<<<< 




300000000090000000300000000000900 00090000000000000000000 
DOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

09‘^9‘9'^OOOOO«4-4«4«««>«e^^(VCg.'V*OO^^*O3 3 3 33 

sooooo-^ — — — — — 

>j?urwrvrwf^f^<vrwtvJV%fyfg'M;^<^:N?w?v:^fNjtv^^iV*VfMrvr^r^rgc^ r^(Vfwrufwf^j^<Nrwcxc^fWPgOjJ\j?N<cs(rN*rwfu^v*^N<fw 


U 3 


^ ^ t« ^ 


300 


7826 



FIGURE FI 31 


C 


occoooooococcoocccoooooooocooooooccooooooocoooocoocoooccc 

OOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCO 

9999999999999999999999999999999 99999999999999999999999999 

«f^*OK>rj»o«ior)rtKJiomiOK)»or)io^r)K)#Ort»oioi')^^»^^K>f^r>r>K^K>ioiOK)ioioriK>in»nioiOK»»no»o»Ofnr)ioin»o 


CM<VfMfNjCo<\i«\j«v<\)<N»<\J<NJf'JC\j<MOjeM<\ifgtNj<NirMc\»<\i<\inno^^ior>i<^rtr)r>*OKifOfOtOK5iOK>»ortpnmioio»oio»oK)»omr5fr> 

00000000000000000000000000000000000000000000003000000000 C 

ooooooooooooocooooooooooooooooooooooooooooocoooooooooccoo 

^C^O^(V^^^ir®f^^»® 0 ' 0 ^* 4 C\ll 09 tA®®f^< 00 'OOCdOOOOOOOOOO^«SM^«H*i 4 ^^«>^-* 4 ^«H(\jCMCNJC\)C\)CVJ 


! 


*^^r 0 K)»n»'^^»nK)» 0 i 0 » 0 * 0 «» 0 rtf 0 ^Kjr>rif 0 ^»c*^«^» 0 ^^K>K>f^OK>K)i 0 i 0 i 0 « 0 K>f 0 i 0 ^»nK 5 i 0 f 0 f 0 K)f 0 » 0 O» 0 ^»n '0 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooocooocooooooooo 

iniTir>®£«£>«^x^<>coCwwO<£OwX<£X 






f <<<<<<4C<<<<<<<<<<<<<<<<< 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 


•^•^o»i*oo'no' 00 o*n»oo 4 j«-j 4 )iO' 0 »)F^o^o 4 >oio*o«^oo^ 4 ^ 4 ^'n»OK>fn*o»n»^»o» 0 'n^o»o' 0 *ooo*o^^o»o»n 

ooooooooooooooooooooooooooooooooooooooooooooooooooooaoooo 

0000000000 ^ 0300000000 ^ 0000000300000000000000»000000000000 

f>jfwr>i«Mfvie^rgf>jc^fv»cv?vfv«NJtV!^<vt^c^fvcvfvrwo»oi«>»wcvtvwrvf^f^fgcNj?\ifMoj<\»c\jrwoi«^fVP«<\i^^f>»cv«NJ*i'n^^^*i^ 


V K. \. V K. V V 


M 



301 


i-Jl*U03 


FIGURE FI 32 



CCOCOOOOOOOCOOOOOOOOOO, oooooooocoocooooooooooococococococc 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOGOOOOOOCCO 

CT'^ 0 'ff'^^ 0 '^ff'^ff'^^<y' 0 '^C'^ff‘^C' 0 *C' 0 ' 0 '^ 0 'ff‘OOOOOOOOOOOOOOOOOOOCOOOOOOOOO 

»or)»o»o»TtK)K5#OK>ioioi'5r>«^»n«inr5*or^^r)»o«>o»o»oriio»oio>o^»oior)^r)»or5>opo»n»o»o»OK>»r>K>K5»#^»o»o»r>K>»o 


»OK>«Or>^fr>l'lPO^^>'l»OlOrtrtK)«*Onr)»0»0^*0#0»'^^r)K>rtKJlOlO^»O^I*^K>K>r>K1ICK1»OK>»OlO*0»Om»OiOK5r5^K)t<^ 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOGOOOCO 
ocooooooc ooo oooooooooo ooooooooooooooo oooocooooocoooooc C Co 

«vc\j<vjcNjojc\)<MiOfO»o»OK^fr)«rtrt^Kio^.»ir^^5r^«^3-^^^in»f)if>iniAinintf5iftmtnini^>ooo®\Csc®OsDCNCCf^ 


K>K)for)rtKiK)io»n 

ooooooooo 

ooooooooo 


K)»nr> K 5 *o»o» 0 f^^ 
ooo oooooo 
ooo oooooo 


io*o«or 5 #o*o*OK)»o 
oooo ooooo 
ooooooooo 


K>»or>fOOK>ior>K>if) 

oooooooooo 

oooooooooo 


k>k>k>iok>iok^^»o 
ooooooooo 
ooooooo oo 


«ioioiorttnK^» 0'0 

ooooooooo 

ooooooooo 


»o 

o 

o 






<<<<<<<<<<<<<<<< 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


-^-<ryrgc^rgf>j»oo«o^ 
•OO^^O * 0^*0 0*0 0 
r\tryrNjrgra(^‘^c^:>jrgfw 
rvr^c^rwf^cvcgrwcMwegoj 


^ ^ Xi <n Si if) «n 

•o-^ *n n «o ^ ^ ^ 

(Mfvc^rvrgc^ojfv^vrg (M 

(^(ycw(vcv<vcv(v<v(v (v 


rg At rv .'V rv *v ry r\j rv rg .*y 
cv<v<v(V(y<v<vA#NevA/ 


s»® a?' 5 '>>^ooo 

rw^Aj otMrurg-ryrgryrgrg 
eveyrv rvtvfvcy^cw^fvfv 


oo— 

9 ^ 99 ^ 99^999 

cycy^.'yryrycvAjfyrycy 

<^;f^tryfvrvrgrgcv^tf^f;v 



302 


003 



FIGURE F133 


I 

I 


^ ^ sr 


9 ar 

9 9 


9 

cr 3" 

3 

3 3 3 

3 

3 

3 

3 

3 3 

3 3 

3 

3 

3 3 

3 

3 

3 

3 

3 

3 3 3 

3 

3 

3 

3 

9 

3 


3 3 

3 

3 3 3 


3 

3 

3 

3 3 


3 

c o c 

c 

o o 

c o 




O 

o c o 

O 

O 

o 

O 

O O 

C O 

O 

O 

O O 

C 

O 

O 

O 

O 

OOO 

O 

O 

C 

C 

O 

O 

c 

c. o 

C 

COO 

o 

O 

O 

O 

O O 

o 

C 

OOO 

o 

o o 

o o 

o 


o o 

O 

OOO 

o 

O 

O 

O 

o o 

o o 

o 

o 

o o 

O 

O 

O 

o o 

OOO 

O 

O 

o 

O 

o 

o 

o 

o o 

o 

OOO 

o 

o 

O 

o 

o o 

c 

O 

•♦••♦■♦ 


♦ •♦■ 

♦ ^ 

♦ 


♦ + 

♦ 

♦ ^ ■4- 

<♦• 

4- 


4> 


4 4 

4 

4 

4 4 

♦ 

4 

4 

4 


^ 4 ^ 

4 

4 

4 


4 

4 

4 

4 4 

4 

4 4 4 

4 


4 

4 


4 

4 

{y> ^ ^ 


o o 

O 


•N 

cv O) 

fV 

»o »o r> 

PO 

3 

3 

3 

in to 1/^ ® 



h- 


f*- 

® 

tfl rf> 3> 3» rt' 

O 

O 

O 


w 



CM CM 

CM 

po m m 

3 

3 

3 

m 

tn in m 



o 


•H «ii4 


•4 





•4 














CM 

OJ 

cv 

(M 

CM 

CM 

CM CM CM 

CM 

CM CM CM 

CM 

CM 

CM 

CM 

CM CM 

CM 

CM 

m lO ® 

tn(rm(n®(nin®(n® 

U) ® 

tn 


fcn 

m ® 

in in 

in 

m 

in ® 

in 

in 

m 

m 

in in in ® 

m 

m 

in 

in 

in 



® ® in 


® 

m 

m 

in in in 

in 

K> K> K) 

»0 fO fO 

»o »o 

lO K> fO lO r) 

fO ^ PO 

in 

in m 

in 

m in 10 ^ 

m 

•o 

»o lO 

lO 


n 

in 

m 

m m 

•n 

m 

m 

n 


in 

•n 

m n 

m 

m in in 

in 

m 

in 

F) 

fo »n 

in m 


ooooooooooooooooooooooooooooooooooooooooooocooooooooooooo 

OOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOCOOOOOOOOOOO 

OCDx 0 ^CSiOC 0 > 0 if* 0 »<&'Klf)» 0 ^^f»l 0 ^»^ 0 'f^tf:^»^OCD> 0 ^<\JO®sD^<\JO®s 0 »CSJOCT'Kl 0 » 0 w^Crt^ir>» 0 »^ 0 '^“U^<>«^ 

^^p 4 «.^« 4 « 4 ^^« 4 «- 4 « 4 « 4 «^«M«^« 4 « 4 M^.M«. 4 .»i««i 4 «-i-^«i 4 «^<^^«^» 4 «^«H* 4 «M« 4 cgcMCJCMcgcvi<vcMcacMCjco(\Jc<.icgc\jcjCMCMC\jcvj 


oooooooooooooooeoooooooeooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooo 

9 ' 0 ®cv® 09 ®cv®o^®e^J\ 0 •^(no 9 C^«o^-ru®^lf)o^®^^^f^i®olnc^ 9 ^®c<l^»«^®o^a‘*o®^o 

• 0 f 0 ^tfintn®®r^r^r-'®® 9 ' 0 ' 0 oooooooooooooooooooooo«* 4 ^^w ^ ^ ^ ^ ^ ^ ^ 


oooooooo 

oooooooo 







! 


j 

I 

t 

i 

I 


<<<<<<<< 4 <<<<t<<<<<<«<<<<<<<^<<<<<<<<<<tf 4 < 4 <<<<<<< 


<<<<<<<< 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 3 000000000000000 

OOO OOOOO-OOOOOOOOOOOOOOOOOOOO OOO 0000000000 0 0300003000 ooooo 

<VfWfWfW<V<V<VfWfW<MfV<VfWrV<V<VfyfVCVrwrWfV<V<V<V<V<VfWfWCV«V^VfV<VfWtS/fV?V<X<V<V<V<VfMfVfVOi<VfWfV<M<VfW<VrgfVCV 



V C V 


% 


303 



b<i*003 


FIGURE FI 34 


OOOCOOOOOOOOOOOOOOCOOCOOOOOOOOODOOOOOCOOOOOOOOOOOCOCOCOOC 
OOOOOOCOOOOOOOOOOOO 0.0 oooooooooooooooooooooooooooooocooooo 

O^D^“^-r“Occo^a'0'^ooo«-^-^»Hfu<^(^vo»o^K^.^J.3■l/^l/^^no«^o^-^-^*•^*®cocD^CT'0'Ooo•s•-^^-«rurcc^/K50»o 

cv<Njc\»e>jivcNicof\icM<wojcgK>fninK)rtin*Of<)K)K)rtfOioK)#o«^*OK>ioior>»OK5io^rtioioinK>iOd^^a^a^3-3-.»^5^;r.»^ 

ir>iniAiniri/)tnir)tr)intf)iDiflinin4Dtf)mtntr)(nif)iDioiAtf>u^if>tnif)m4niAir)tr>intniotnkr>iotf)ii^mtOinminintr)ir)mininuDinin 

mioioioiOfnriinr^r^mr)K5K)K>ri«»o»o»o»o»o«fO«ior)ioio^ior>^m»oiOio*or)riK)PO»n»n»nio^»oioinr^r)m»OK>for) 

**r 

K5ioK)fOK>r>Kjr5K)fOK)rt^»Ort»n^»or)rt»o»or)rtioioio^rtrtrtioi^r)^r)K)K>iOioioK)io#Ofom»om^iOK5K)K>»n»nmio 
OOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOeOOOOOOOOOOOOOOOOOOOOO 0-0 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

9'h>«C9CMO(Dic^ojoQ^.tf(^o(S^9*'^^0'h>tnio^O'f^mio*40^r^ir)r)«40S«£^t\iccc«ctfCMoeD«09NOco«otr>fO«« 
sDr^oc'0^^c\jfn^mi/)»£)r*-caff'0»^«\j^K53-mvDf*‘r*“®0'0»H^pjK>3-ifi\D'£r*‘®a'Cio«-«tNjK^.^;j-Ln»ct*“«ocO'o^c\) 
'*-^-Hrjf\jcM<\joj<\jrj<sjc\j<>jrj<\jfNjr)fOfnroK5»ri^»o»OfOfOfn.^j3-.;^3-a^3^3^3-jyd-3-^if)ir, ininmifJtrirmj^iDLriTNOsro 
e\)CMCM(MCJ(MN(\)<M(\lfVjrgCg<>irM(^<\J(M(\je\|<M(V(W<M(\iCW<V-CUOtCViC>J(NJ(\)C\JOJ(M(\IC\)Cg(gCNJC\l(WCMC\i(\|(\ICNJ(\l<VC\ICMrarMCgCMr\J 


oooooooo 

oooooooc 


oooooooo 

oooooooo 


oooooooo 

oooooooo 


aaaaaaaa 

oooooooo 

oooooooo 


aaaaaaaa 

oooooooo 

oooooooo 


aaaaaaaaa 

ooooooooo 

ooooooooo 


aaaaaaaa 
oooooooo 
oooooo o o 




09'7‘9'Oo^*4rs|(M«or)fo^a4/)4n<£^o^'>^.^kO(O9^(^oo^^•^(^Jc\lror>aaau^tD«c«£^»^>a>a>(Oc^(^oo*4»4(^lcvlc^tfO 
«H^..4«M(M<M(MMCNj<M<wrMCMrw<NJC\iojrvj<Ni<Vi(M(v<si<M(\f<M«or)^io<o^^io^«opo^(OfOfOinK)fOfOioinr>K)aa a aaa aa 





S- m X S 


<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 


O O O O O'O OOOOOOOOOO 0-0 O 0.0 ooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

J^.n;n•nJ^lr>J^lf)(r).n.n/>^;n^^in-/)u^J^;n^u>J)U>ln^*r>^<o•o^c©«c^^©<o<£l©•A©©oo^■o^o^^o^«D©«o© 
e^f>at'af>j(vfvr^f^f^c^r^^vfwrvf^fvf^ew<wt^fyf^?v<vcv<w<^<v<v0i<vfv<v«\icv<vfw<v<v#v#v<vcvi\<rv<v<vfw<v<v<v<v<vfw<v?wfv 



304 


FIGURE FI 35 


OCOOOOOOOOOOOOOOOOOOOOOOOOCCOOOOOOOOOOOOOOOOOOOCCOOOOOOCG 

oooooooooooooooooooo.oooooooooooooooooooooooooocoooooooooo 

aasaaaaaaaaaaaaa a aaattiieiintntfi^fi*Citf>tfi\f^\t>ifiie>triifi\fiin\fiifiini{iirttninir>\f)iri\D\niCiir)if>^>DyOyD>c 
fOio«ri»o«»'5ioiortrtiorj»nr)r>rt.r)#n*nf»^r)m#nfO^*')^^^»o^K>i^^r)m»or)r»m«fO»oinioio*Ofo^K>r)KifO^»o^ 


r>»o»OK5K)riK>rtKiJOrtK>Kj«DfOK)r)iriir)fnfOfOf^»o«»Ortrtr)r)^»or^^K)K)rtK>K)K)ior)io>OK)KifO»o^*n»nK)io*Ofo^ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO&OOOOOOOOOOCGOOOOOO 

Q'O'^C'O'O'&'OCOCOOOOOO 

CgfMC\iCMOj<NJt\t<NJ(MM<^OJCg<M(\IC\ICJ<g<MCSf<MeMMC\l<\|CSt(gc\|fV<\MM<M<\M\)<NiC\JCNJCMCM<NJCNjNCNiCVCMCMCMK>>OK)K)«nK)fOfnK>fO 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooocoooooooooooooooooooooooooooooooooooooco 

^:j-^ifjir5ir®®f*^h*«®C'0'0'Oo»H*i^<\ioj^ioK>3-^tnin®®®r*-h*®®^a'ooow»Hruf'j»OK^3'3^^4r5Lnv£)®r^r*H®(o 



)£ffi CCDffiffiffi ffi flD CD ffi ffi CD S ffi ( 



ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

0900000000000090 O' G009GO'G0000030000000000000GOOOOS00909339 

<v<vcvfv<vrw€W<vfw?vowfv<v<\<fVfVfv*'VJVfv<VA<?w<vcv<v»‘vrw<vrvrv<v<vfw^v?VA/rvfw<v^iVfw<vfwrwcwfwfwfWfvrwfv<MJvrvfw 

fW(^wryc^cv^<v(^<^cw?>JC^^Jc^(V<^{>4cvf^(^(Vfvtv(V<^?y^fVcyc^rM^(vrvir^r^c\j;yCMrMr^rg:vfwc^(V(v<VM(NJfM^<f>^(Mcvc>j 


WV V ^VV 



305 


2277*003 


C- 


FIGURE FI 36 


O o 
o e 

4* 4. 


tT) tn 


ooooooooooooooooooooooooooooooooocooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooo 

♦ ♦♦4444^+4^444444444^44444^4444444444444444^^4^44, 

CUC'jryjlDf0f0^3-^inLr>lDl/1v0s0«Cr^f*'r“®®®^0'C'0'OC>O-^'^^CUC\J(\JK>»rji0»0^»^if)irL0sD»0^h» 

totr)tf)(Oif)in(nintn(nmini/)tf)iri^if)tf)iniO(f)4niotf)«f>4niAi/)tnu^ir>kf>)nir)iAir>t/)ir)iAif>u^mtr)u^4n(nio(nif> 

»omio#oo»nr)^fnK)r)K)r)^f^r)»o^«oior^^r>r)iort^«F>mi'5r)r^r>i^ior>r>fn#oK>r>ior)r)r>^r>r> 


^ ^ iJ- ^ ^ 

o o o o o c 

o o o o o o 

♦ •f4444 

r«- h* h- ® ® tt 

pN. fN. f.. 

tf) (f> m if) in iD 

K5 ^ m m r> ^ 


^^»om*oro»n»nfOK>iorti')K5nmfn»n^«^*nK)o»oio»ort«o^^^iortr>K>r>^»or)r)«nf'5»nK)mrofOfoiOK>K)K>iofnK)0 

ooooooooooooooooooocooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

♦ 4444444*4444444444444<*-44444-4»-4‘4‘4*444»444444-44444444“44-44.444.44. 

®o^o»4c\j(MK).7tn«n«or**>0O'oo*«ojK)^^in®p»>Q®o^o*4cg«oK>^tn®r«-p^(soso^wc\jfOtfinin«nr«'®O'O'O«4CNjpofO 

^OK)»o»o»oio*or)»ortiOrtrt#oK)fn^rt^«»onio^«iOrtiOrt^rtioK>^iooriir>iOrti')»or>io»o»nK5mioK>K>io^ioiopn 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooeoooooooooooooooooooooooo 

4>444444444>4444444-^4^4>44>44444444^4-^^44-4 44444-^^4^4444444>44444 

®^r'fNj\noina'3’®cjr»-^*no.»0'K^®cj^»^mo^®K)r»-cuioojn^^®<vf«-»^>oo^CT'K^eDro\o^Lro3-&'for'«ra»D-^m 


ffiSACDflDCStDffi£DCCffi(&(D(SXDffi(D(D(D0 CDCD S(DCD(SCOffi (SffilD 

C CQ C CQ ^ ® ® Q 0 QQ Q 0 ffi CD A ffi ffi ffi ffi ffi OD ffi ffi ffi flO 


<<<<<<<<<<<«<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<««<<<«< 

<^<«.<<<< 


QOOOOOOOOOOOO 0.0 ooooooooooooooooooooooooooooooooooooooooo 
000000000000000000000000000000000090000 o o ooooooooooooooo 

p\.fi.. 9OCD00 09^ 9*C^9>00000•«•«•««i«•4r^l«VCVCW<V^•or>n•l^ 9 ^ 9 9 tfuft hfi tH ^ ^ <DO Kr*>r^a>eD 

Kp»f>.f<i>^piftp>ikf>>kf».r>k.f»>f»f»pik99O®o®®o®®®oooooo®O(0OiDCDOOO®9OO(COOQOOOOOOOX> 
r\irvrwfv(M(^<Nc^nj^fV^(Mc^<Ni:Me^(M?v?v<^(V<v(v?\i«v<^(^evNc^rw*^Nrgcv(Vf^:^;\j(^(Mrwcv.%{MC>j(\i(V7^(^N(\jrMrv(v 

e^l<M^gfgrgc^OJrgrw^JCWcgf>ifVc^c^(MMOJr^ev<vrvcv(^(VCVCM(v^4cv^Jfg«><(^rgcvrg;gcgc^rwcvcwrwrw(wc^cg{^(W(Vfw<^fW(W 


<§ -• .•■ _■ ^ V V .1 


306 



FIGURE FI 37 


C- 


OOOOOOOOCOOOOOOOCOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCOCOOOOOO 

oooooooooooooooooooooooooooooooooo&oooooooooooooooooooooo 

(^C^C^O 3- 3 inmiA«O«0 

r*>^^Q9<D9O0O0<OA00®cbO0tf(DCO(&0AA9A<DAOCDA4DlD9Q>O'O'^O^C^O'O'^^O^O'C^^9'9^O'CT'9‘9‘O'O' 

K>io»o»o««««^»or>r)»oioir>for)«r>«r5^rtio»or)ioicr>r>»r>,f>fOmmioio»o^«ior)>nr>rtr5»or>in»or>POK>r)r)*o»n 


»oioior)iniOfor5Kiioi^r)#Ort»oior)ioin 

ooooooooooooooooooo 

ocooooooooooooooooo 

tnminui 

»o»o»oio««inn«rt«»o«»nfn«for)ri 


ooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOO 

O009<MOCD09^CUOO>f»tf)fO*H9^r^ir 

OOM<MfO9-9«A0r*‘00O'O«xCVNK)9 

rt»O^K>rt««Ort^«fO^«lOK>K>»0®K) 


r)iom«iOK>rtr)inr>fOpnfn»^ K)pok)io»o 
OOOOOOOOOOOOOOOOOOO 
OO OOOOOOOOOOOO OOOOO 
♦ 4.44.4.4. 

®^(MO® 

in®®r>-®ooo^ojioau^kr)®r»®9'a‘ 
CO ® ® ® ® ® ^ ^ ^ O' ^ O' O' O' 0^ P' ff' O' ^ 
IOK)nK)f0^iOlOlOK)fOlOlOF>ff)iOfOK>iO 


OOOOOOOOOOOOOOOOOOOOO 0^0- OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

♦ ♦♦♦4444^^^'4'4'^^4'4^4'^^^^4^^^^^4'4'^4'44^444^^^^^'^4'»^4'^-*'4'4^ + 44^ 

(^9®«n^'•^®oln(^n®<M^*^•^®o^O'r)^»€w®«<iAO'^®^^>-4®omo'^cc^J^»•^lf>otfO'^^*■cM®•^mo'o®'0^>•M\c 

*0tf^u^®®®Kf^f'>®®0'0'Oo«4^^<^c^r)^9^^iA®®®f»^f'^s®®0'0'OO->'4^Mcyc^^*0tf9t0i0t0®®r''>r'>o® 

0'0'0'0'(^0'(^9'0'0'(^0'0'0'00000000000000000000000*4«i«•i4*4»4v4*4^>H«4«N*^^^•-«•4•-l•H^^ 


® ® ffi ® ® ffi 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00000000000 0 0 0 0 0 0 



♦ ♦ 


I 


t 

I 


I 

1 -■ 




ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

000000000000000000000000000000000000000000000000000000000 


«o®^ff'0^o*oo.ooo*^»<*^-*-^wrv<v<v<wio»74>o^^^» 

OO00X®®®9‘9‘9'9'O(^7‘9'C^9'(^O(^9' ^'t^ ©' (f'.9' 0*^'O^^OOC^^^OOOOOOy^^ 

<vrwf^rvfwtvfVfv?Vfwfv«vfVfVfv«v^v*‘V*^.‘v»vfv«v<McvrMfv?^:vfwrgrvfvrjfvcvc^rg?vcv*MM<'<M<Mrgoj«MojfMJMf>JN<M<x«vN 

<vcgfM<^«^cyw<v<^<^OiCM«M<y<Njfacvjoj<vc^mevev«vcvcgf^fwc^f^cwfM<^ev<^f^<wc^c^e^CMCMMCMCMfg«>iMCMM<xrgNcafMtM«>i 


( 




V V. 


W \ V 


V V • \ 


>. V 


V s. 


307 



2^99*003 


I 


( 


FIGURE FI 38 


ocoooooooocoooooooooooooooo 

ooooooooooooooooooooooooooo 

«£)r**r^r-r~<0«c©CT'j'C'Oooo^^— ^rucuojr) r> « ^ 9 ^ 
0'9'9'0'9'0'C'C^O'0'0'0000000000000000 

»oir>»n»nr)r)r)ir5r)iom«»oior)inr)»o»or)#nr)»n»o»o^rt 



rr 

9 9 

3* 

9 

3 

3 

9 

3 

3 

3 

9 

3 

3 

3 

3 

9 

3 

3 

3 

3 


■3 

3 

3 

3 

3 3 

3 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C 

0 0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

c 

•4> 

•4- 

4 * ♦ 

4- 

4- 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 4 

4 


m 

if) t/i ® 



K 

K 

h- 

® 

® 

Q 

0 

O' 

O' 

0 

0 

0 

0 



•H 

f\J 

CNJ 

OJ 

OJ 

in m 

m 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 




«4 


«4 









«£> ® 

sD 



^ «£ 




0 


0 

0 


® ® ® ® 0 




0 

r> 

m 

fO m 

10 

r> r) 

r> r> 

n 

r> 

10 

»n 

tn 


m K5 *0 K5 »n 

»o 

•n 

♦0 

in 

in m 

m 


K^K>«riK>rtr>pf)«inr>K)»Of<)rtrt»Ort»nrtfO#n^K)iOfOrt«r>«iOfOio«K>K>i^ior>K5rtio»OfnK)rt»o^>o»n»or>io*ojnioK) 
ooooooooooooooocoooooooooooooooooo 00000000000000000000000 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCOOOCO 

>o^c\}oo4fi9cvoo«A^(\jMO«r»tno^9'h‘tn^«H9^f^i/)<o«^O'f^ir«o»^ooi£^euocD«c9cuo0sDtfMoecsO9C\)^9'h>' 

000000000000^»4^«H^^^^^^«HW^rM<M€U<M<\tC\jCJCM<MCJ(M(Mr)K>fO(Otr>K)K)K)nfOrOl0999^;r3^.9^ 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


99999999999 

ooooooooooo 

00000000000 

r4Ki^«K)r>K>nK)lOr> 

tNiOjrOPOCNJCJfUCUCMCdCNj 


9 9 9 

000000000 000 
000000000000 

o»of^«-*sOoma'»o®c\jr»» 

09v^OO«4«4>i4(V(\|fOiO 

tni^t^999999999 

{\jcjrj(NJCoojc\j(NjfNif\jc\}ry 


aDffi(S{DffiffiCD(Dfflffi(D(QffllS<DffiffiflDffl{D<Q<Qffiffiffi<DffiffiffitD(&(CffiCDffiffiCDCD(D{D<Dffi(S(&ffiD(DffiCOCDCC(D®'ir-(C{C(D 


<<<<<< 


< < < < < 


<<<<<<<<<< 
< I 


< < < < < 


< 


<<<<<<<< 


< < < 


o in ^ ^ 
00000 
00000 


0-0 000000 
000 . o 0000 


n *n ^ *n n n n 
0000000 
0000000 


«n n o ^ ^ 
00000 
00000 


«n *n fo 
000 
000 


>n <n ^ n 
0000 
0000 


»o n ^ ^ K) n 
000000 
000000 


•n *n «o o «n 
00000 
00000 


pT)>nn«n«n<nn»o 

00000000 

00000000 


*0 »o »o 
000 
000 


ooooo-*-^-^-<wcMrjr>jfxf^«n*n'0'n'n^^3'»a^'/>4nji;nJ^^®® 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

•onnnn*nn*n»n*n»n»^nn»n*onn^*n>non'0*^*^’nnn*^n»nn 

ojfvrvrycvfyfM<vryoifw«vtvfgf\<f«cvratN<fw^<v<v<Vfw<v<vcvcv<vrwrwcw 


<0 «D r>^ 

0000000 
»o n n n <n n n 
cv (V cv cv (V (V <v 


SOOOOT'T'^ 

00000000 

n*nnn*nn’n*n 

rv<v<v<v<v(v<vcv 


^O'OOOOO*^ 

•n^^oononn 

<vcw<w<vn;?v<v<v 


« 


,< -■ -j _< 


308 



23U4003 t A ♦ Bl .2441 + OOH .4i»65 + o03 .3614 + 004 


V 


FIGURE FI 39 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOCOOCOOOOOOOOC 

ooooooooooooooooooooooooooooooooooooooooooooooooooocooo 

^^,^M4*4^*^tH^«H.p4«4«4-4^^«4«-irvrwrv<vrwf\<ro(\iCwrvfvcvcjrorofvrj(v<vrjrvrury)rwrv(VCvrv(VfM(VfV(VK>AOOAO 

^r>r5r^rt«mrtr>m^r5r)r>fO^K)^r)#orjr)ioio*o»o*n^^r>*oi<^K>r>K>i*^K)»oior)^»oinm^»or^*o»or>»or>r)r>r^ 


»OK)K>fO*0«fOlOlOlO»0^«»O^K>IOrJlO^I')lO«r>lOlO«0 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooo 

r^woO'0^c\t{\im9ie*>o^r^coa^oo^c\s^9U^i^i%ot^e) 
9 9 9 srtf)ir>tr>u^u^tr)mmtf)(r)ini/)^A0>fis0A04fiAD«£>s04D4C 
99999999999999999999999-9999 


rtioio^»oioiOrtio^»o»rr>»o>o»oio^»o»oior)K>/o»oioioK5 

oooooooooooocooooooooooooooo 

ooooooooooooooooooocoooooooo 

ff'0‘0*^CWK)K) ^lA»Of^K ®ff'0*xw<M»0^tOtn40f*» ©O’ O' C 

AD®r^r^h*r»*r^t**Kh‘h‘KKr*^c®®®®®ffi®®®®®co' 


ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

0®0000000000000000®0®0000000000000000000000000000000000 

iDo.3’^^^*oj®—«mo'-»®AOf*-^®o®0'K)®caf«*»^tDoa-0'»oh*rj<£i-^Lna'^®tof^— «®omo'Ki®cNjr«-*^ir>o^O'0 
r^0j<\i<\icsicijc\^e\jcijr\ie\ir>jfsi0j0jctjc>ie>4c>jc>jr\i(u<>^0j<>jckjcjcucsjc\jc\j0j0jc\jc\je>jc>u(^cije\ic\jc\jc\ie\jcyjc\ic\i<>jcijr\icsic\j<ycv(\‘ 


M M ^ 0 m 0 m 0 m m m 0 m M m 0 m 0 m 0 m M w 0 m 0 m 0 m •*« ® ® ®S®ffi®®®® '® ® ® ® ® 2D ffi ® 


<<<4<<<<<<<<<<<<<<<<<<< 

<<<<<<<<<<< <-< <<<<<<<<<<<<< <■< < < <-< 


»o»o»o*n^»o«n^^^*oo'no*no»^Ki»npn^<>ooo»o*oo»o^^»o»0'Oo»o»o^ioo^ooo^^»o^*no*o^»o^'0 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

O O 00 000000000000000000000000009900000900000000000000039 


^ *4 »4 rg N (\ifg eg io»o ^ » 4 “ «■■ »■ J»rfJ^n^^o«^>®®®®®^^^•K^«•N.®©®®*>^?‘^>oo 900 ---*-^•<-•«Mcg 

««'•« «i4«i«^-«rgcgcgrgfgrg(g(gcgcgrgrg 

^O«^0)iOO*^^<OfO^*OOO<OO^<O<>'O^O^^'O^^’O^'O'OO<O«^'OOO^«O*O^»O‘O'O'O*O^O^*OO'OO^^ 
fgcg<^egfv<gcgf^fgcgegrgrgrgrgrgrgcMfgrg«Vpgcgrg«>iegrgcgcgcgrgegrgfgrgcMfg<gcgpg<NJfgfVfvJcgcgcgcgcgegrg(grafgfv 


X C C 


^ 1 


^ V V 


< V W V V 


V 


'w 


309 


tRR Moot ERH-TTPE: 02 EHR-CODE: 


IX. F. 5. Noise Characteristics 


Figures FI 40 - FI 53 


310 



CURVE 'A* IS A PLOT OF BASE VERSUS TIME 
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IX. G. LOS Sun Sensor Calculations 
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Fine LOS Sun Sensor Calculation 

1. Passband: AX = .05 ym 8250 A° to 8750 A° 

Transmittance = .5 x .5 = .25 

2. Assumption: sun is a 5770°k Black Body 

8 X 10^ w/cm^/ym @ X peak 

5.8 X 10^ w/cm^/ym @ 8500 A° 

1.9 X 10^ w/cm^/ym/sr 0 8500 A° 

3. A0 = 5 arc min A<|) = 15 arc sec (FIELD STOP) 

4. Silicon detector 

.Isec integration, X peak = 8500 A° 

N.E.P. = 10"^^w 

5. S/N = 1000 

_ 1.9 X 10^ w/cm^/ym/sr x .25 x (.05 ym) x 10~^ sr x A x (.1) 

lO'^^w 

0 

Therefore A = .042 cm 
Required collecting area. 
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